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FOREWORD 
Multiplier  phototubes,  used  in  scientific  spacecraft  for  detector  appli- 
cations,  are  designed  to  be  extremely  rugged  and  stable  in  the  spatial 
environment of vacuum,  temperature,  and  radiations  from  solar, 
planet and charged particles. But, like many electronic devices, the 
operating  characterist ics of multiplier  phototubes  are  dependent  upon 
exposure to their indigenous environments. The experimental program 
and  analysis of test   measurements  were  used  to  evaluate  the  stabil i ty 
and  reliability of the  anticipated  end  usage of multiplier  phototubes. 
This  task was conducted  under  the  Technical  Monitoring of Mr. J. A. 
Holland,  Langley  Research  Center,  Hampton,  Virginia. 
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DEGRADATION OF MULTIPLIER  PHOTOTUBES  EXPOSED 
TO  SPATIAL  RADIATIONS 
By M. John Brown, M. S .  Bae, S .  P a r k  
Em-Aerospace   Sc iences  
College Park, Maryland 20740 
SUMMARY 
The  degradation of multiplier  phototubes  was  determined  from 
properties  measured  in  si tu  during  exposure  to  simulated  spatial  
radiations.  A  complete  analysis of the  orbital  environments  for  a 
specific  spacecraft  was  accomplished  to  determine  operational  para- 
m e t e r s  of .a phototube detector. The experimental apparatus was then 
arranged  to  provide  the  spatial  environments  at  real  time  conditions. 
Exposure of four  identical  phototubes  was  conducted  to  evaluate  the 
synergistic effect of combined radiations including solar, lunar, and 
earth  irradiances  and  electron-proton  accelerated  particle  radiations 
over  a  seven  month  period. 
The  phototubes  were  fabricated  for  high  stability  using 
beryllium  copper  dynodes  in  each of fourteen  stages  and  their 
spectral   sensit ivity  was  from 250 to 700 nanometers. Selection of 
the  phototube  was  based  on  detector  requirements  in  starmapping 
from  an  orbiting  spacecraft. 
Laboratory  test  results  indicate  that  the  phototube  is  relatively 
stable  when  exposed  to  single  radiation  sources of solar  and  charged 
par t ic les ,  but degrades when exposed to combined radiations, especially 
when the irradiation profile included lunar viewing. Degradation in 
properties  was  enhanced  greatly  for  the  phototube  exposed  to  lunar 
radiations.  Therefore,  in the design of detector systems for space 
exploration,  consideration  must  be  given  to  protect  the  phototube 
sensing  element  from  excess  irradiation  fluxes  which  eminate  from 
specific sources. 
SECTION 1.0 
INTRODUCTION 
The  stability of spacecraft   detectors  becomes  more  cri t ical  
as we  increase  our  knowledge of the  universe  and  consequently  demand 
more resolution from the on-board instrumentation. The inadequacy 
of applying  previous  flight  experience  to  future  spacecraft  missions 
compels the scientist to seek his answers in the laboratory. With a 
laboratory  program  the  scientists  and  engineers  can  establish a 
level of confidence  in  the  ability of data  acquisition  systems  to  obtain 
specific measurements. During a typical spacecraft  mission on-board 
detectors   are   exposed  to  a variety of environments  and  radiating 
sources which consist mainly of: a)  low pressure vacuum, b) solar 
illumination, c) earth, moon, and planet albedo illumination, d) electron 
and proton charged particles,  and e) temperature.  Therefore,  an 
adequate  test   program  to  evaluate  detector  stabil i ty is one that  simulates 
each of the  irradiating  fluxes  in  their  proper  sequence, at appropriate 
levels, and for specific orbit conditions. The purpose of the present 
investigation  was  to  measure  the  degradation of a multiplier  phototube 
detector  in  simulated  radiation  environments  for a spacecraft  orbiting 
the  earth  at  an  altitude of 500 KM. 
The  approach  taken  in  this  program is to  simulate, at real   t ime 
conditions, the environs of space and impose those conditions on a group 
of four phototubes. Irradiation of the phototubes is programmed to 
determine  the  degree of interaction  which  exists  to  enhance  or  decrease 
the amount of degradation when the radiations are additive. The experi- 
mental apparatus and sequence of irradiations  are  established  in 
accordance  with  the  results of detailed  analyses  conducted  for a specific 
spacecraft polar orbit, inclined at 95 . During exposure and with the 
phototubes remaining in the vacuum enclosure, measurements of 
electrical   and  optical   properties of the  phototubes are   made  in   s i tu  
periodically  throughout  their  lifetime. 
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SECTION  2.0 
ORBITAL ANALYSIS 
The  experimental  pi-ogram  was  conducted  in a simulated  space 
environment  which  the  spacecraft  and  enclosed  multiplier  phototube 
encounters during its orbiting lifetime. The specific conditions selected 
for  this  study  corresponded  to a spacecraf t   in   an  ear th   orbi t   a t   an  a l t i -  
tude of 500 KM, polar  orientation  in  the  three  o'clock  position,  and  for 
a period of 90 minutes. The spacec,raft is  a "rolling wheel" spinning 
at  the  rate of three  rpm  with its spin  axis  tangential  to  the  Earth's 
curvature, illustrated in Figure 2.0-1. This orbiting condition results 
in  the  spacecraft  being  illuminated  by  the  sun  for 60 percent of the 
period  (54  minutes)  and  shadowed  by  the earth for  the  remaining 
40 percent of the period (36  minutes). 
2 
DIRECTION OF \ 
EARTH ROTATION 
FIGURE. 2.0-1 SPACECRAFT  ORBITAL CONDITION 
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2.1 SPACE ENVIRONMENT 
Spacecraft   which  are  placed  into  orbit   around  the  Earth  for 
scientific  exploration,  encounter  large  doses of charged 
par t ic les   and  e lectromagnet ic   radiat ions  are  of special  con- 
cern  to  the  design of data collecting devices. Specifically, 
exposure  to  electrons  and  ultraviolet   radiations  can  cause 
changes  in  optical   and  thermal  properties of sur face   mater ia l s  
and  can  result  in  detector  outputs  beyond  comprehension  and 
analysis. 
2 .  1. 1 Natural Space Environments 
2 .1 .1 .1   Pressure 
A reasonable  estimate of the  pressure  in   space  is  
one particle  per  cubic  centimeter  for  interstellar 
regions  and is equal  to  approximately  1  O-16torr. 
In describing  the  near  Earth  atmosphere,   concen- 
trations of approximately  10 9 par t ic les /cm  exis t  
at an altitude of 200 mi l e s  above the earth. This 
corresponds  to  the  pressure of approximately  10'7torr. 
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2.1.1.2 Electromagnetic Radiation 
Approximately 98 percent  of the  solar  energy  lies 
between  the  wavelengths of 0.3  and 4.0 microns  and 
is contained  in  a  beam  collimated  to 32 minutes of an 
arc. The total radiant f l u x ,  at a distance of 1 A. U. 
f rom  the sun, (outside  the  Earth's  atmosphere) is the 
"solar  constant"  with  a  value  which  has  been  established 
at  0.14 wat t s /cm . Figure 2.1.1.2-1 shows spectral 
energy  curves  related  to  the  sun. 
2 
2.1.1.  3  Charged  Particles 
The  charged  particle  environment of space, close to 
the  Earth, i s  due  primarily  to  the  geomagnetically 
trapped  radiation  belts,  shown  in  Figure  2.1.1.3-1. 
Approximately 99 percent of the  trapped  radiation 
consists of protons and electrons. These regions of 
t rapped  par t ic les   are   commonly known as  the  Van 
Allen  radiation  belts  and  can  be  roughly  attributed  to 
two overlapping regions or belts. The inner region 
is composed of high  energy  protons and low to  
moderate  electrons  and  reaches  its  maximum 
intensity at approximately 1.5 earth radii. The 
outer  belt  reaches its maximum  intensity  at 
approximately 4 earth  radii   and i s  composed of 
electrons  and low energy  protons. 
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FIGURE 2.1 .1 .3-1  TRAPPED RADIATION  ABOUT  THE GEOMAGNETIC 
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2.1.1.4  Planet  Radiation  and  Albedo 
Radiation  from  the  surface of a planet   s tems  f rom 
two sources. The first source is thermal radiation 
of the  planet  itself  and i s  a direct  function of the 
surface  temperature  of the  planet  and its atmosphere. 
The  second  source is re fer red   to  as the  planet's 
albedo  and i s  reflected  solar  radiation  from  the 
planet and its atmosphere. Both of these radiations 
are  thermal  and  vary  continuously  with  the  posit ion 
of the sun and  the  climatic  and  atmospheric  con- 
ditions of the  surface of the  planet. 
The  radiation  spectrum of a planet  will  have a 
Plankian  energy  distribution  dictated  by  the  surface 
temperature  of the  planet  and  modified  by  the 
emissivity  characterist ics.  of the  surface  and  atmos- 
phere.   The  spectrum  may  vary  from  point  to  point 
with  changes  in  surface and atmospheric  composition, 
i. e., barren land, verdant land, water, ice, cloud 
cover, etc. Figure 2.1.1.4-1 shows intensity 
distributions of direct  and  earth  reflected  sunlight. 
2.1.1.5  Miscellaneous 
Additional  parameters of the  natural  space  environ- 
ment  which  are  important  to  spacecraft  performance, 
but  not  included  in  this  study,  include  the  following: 
a. ) Space heat sink 
b.)  Meteoric impact 
c. ) Cosmic Radiation 
d. ) Gamma  and X radiations 
e. ) Low and non-gravitational  fields 
f .  ) Magnetic fields 
2.  1. 2 Artificial Space Environment 
2.1.2. 1 Electron Belt 
A significant  number of artificial  radiation  belts  have 
been  made  by  high  altitude  explosions of nuclear  bombs 
since 1958  and  1962  which  result  in  trapped  energetic 
charged particles mostly electrons.  Above 1.7 
earth  radii   the  art if icial   belts  have  experienced 
unusually  rapid  decay  although  there  are still sig- 
nificant  numbers of e lectrons  t rapped  in   the  central  
pa r t  of the  belts. 
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2.1.2.2 Nuclear Power Sources 
The  use of nuclear  power  sources  in  orbit ing  space- 
craft  introduce s an  artificial  radiation  environment 
due to leakage and inadequate shield design. Damage 
to  spacecraft  is related  to-specific  applications. 
2.1.2.3 Rocket Plumes 
The  products. of exhausts  from  solid  and  liquid  fueled 
rockets  are  highly  detrimental   to  many  spacecraft  
elements,  such as,  thermal control coatings,  solar 
cells, and optical experiments. Contamination by 
rocket  plumes  and  subsequent  effect of the  space 
radiation  environment  on  the  contaminant  films 
requires  further  definition. 
2.2 SPACECRAFT AND ITS ORBIT 
Figure 2.2-1 shows the spacecraft and its components. The space- 
craft  is at  an  altitude of 500 KM for   a  90 minute  period  in  a  polar 
orbit  and  in  the  three  o'clock  direction.  The  spacecraft  is  a 
"rolling  wheel",  spinning  at  a  rate of three  rpm  with  the  spin 
axis  tangential  to  the  Earth's  curvature, as i l lustrated  in 
Figures 2.2-2 and 2.2-3. A study of the spacecraft orbit 
revealed  that it will  be  in  the  daylight  portion of the  Earth  for 
60 percent of the  period  (about  54  minutes)  and  in  the  dark  portion 
f o r  40 percent  (about 36 minutes)  as  shown  in  Figure  2.2r4. 
2 .3  MULTIPLIER PHOTOTUBE AND ITS OPTICAL SYSTEM 
2. 3. 1 Multiplier phototubes 
The  phototubes  were  the  model 541, type N, manufactured by 
EMR Photoelectric, EMR Division of Weston  Instruments ,   hc . ,  
Princeton, New Jersey. 
2.3.2 The conceptual schematic and tentative design of the starmapper 
which  uses  the  subject  phototube is shown in  Figures  2.3.2-1 
and 2.3.2-2. The starmapper consists of a sun and earth light 
shield,  objective  and  condensing  lens  system  with  reticle slits, 
and  the  phototube  detector. 
Figure 2.3.2-3 shows the geometry of the reticle slits. The 
lens  system  has  a  three  inch  aperture  and  an  optical   efficiency 
without the reticle slits of about 70 percent. The reticle slits 
further  attenuate  the  light  with an attenuation  factor  that is 
different  for  each  angle of illumination.  The  total  attenuation 
factor  due  to  the  lens  system  and  reticle slits for  different 
angles of off optical axis were  calculated. In each  case  the 
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optical  efficiency is 0.7 and  a  factor of optical  ratios is 
9 as follows: 
The  light  through a three  inch  aperture  lens  system is 
collected  by  a one inch  diameter  photocathode of the  photo- 
tube  in  accordance  with  the  relationship  where: 
3" 2 
- = ,9 
1" 2 
Aper ture   a rea  
Photocathode  area 
7T ( T I  
S ( +  
- 
2.  3.2.1 Attenuation of moonlight (M) within  the  total  field 
of view (loo off optical  axis). 
The  moon is focused  on  the  reticle  and  the  image 
of the  moon  on  the  reticle  has  a  size  equal  to 
33' of an   a r c :  
where: 1' = the width of the reticle slits and 
3 = the number of slits. 
Therefore,  the  apparent  total  attenuation  factor 
becomes: 
0.116 x 0.7 x 9 = 0.7308 
2.3.2.2 Attenuation within the sunshield (between 10 and 0 
25O off optical axis). 
Although  the  moon i s  no  longer  focused on the  reticle, 
perfect  diffused  light  will  continue  to  be  collected 
through  the  three  inch  aperture  with  the  following 
reticle  attenuation  factor: 
Clear  field of view = ( 1 de g ) = - 2 
Total  field of view S(10 deg) 77 x 
= 3.18 x 10 -3 
17 
Therefore,  the  total  attenuation  factor  becomes: 
-3  
3 . 1 8 ~  10 xO.7  x 9 = 2 . 0 ~  10-2 
2.  3. 2. 3 Beyond 25  off the optical axis, the attenuation 0 
decreases  logarithmically.  
At 45 off the optical axis the attenuation is approxi- 
mately  and at 90 , approximately 
Figure 2. 3.2.  3-1  shows  the  overall  attenuation  curve 
for  the  starmapper  detector  system. 
0 
0 
2.3. 2.4 Attenuation of earth reflected moonlight (E ) m 
Since all the  light is collected by the  starmapper 
through a three  inch  aperture,   the  result ing  attenu- 
ation  is: 
2 x (See  ction  2.3.2.2) 
However, the attenuation factor has to be modified 
by the  effective  area of the  earth as viewed by the 
phototube. 
The  field of view of the  earth  at  an  altitude of 500 KM 
is approximately 136 , (see Section 2.4. 1); but since 
the phototube has only a 20° field of view, attenuation 
becomes: 
0 
- - = 100 
" 
136O 2 (68)2 46. 2 
- 2.2 x 
71 (F) 
2.4  SPACECRAFT ROTATION 
As the satellite spins at a rate of three rpm, the phototube will 
see the earth and moon for different time periods. Calculations 
of the  chopper  duty  cycles  to  simulate  these  conditions  are as 
follows : 
loo 
10-1 
10- 
10- 
10-l0 
10-l1 
0 20 40 60 80 100 
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FIGURE  2.3.2.3-1  OVERALL  ATTENUATION 
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2.4.1 Field of View of the  Satellite at an  Altitude of 500 KM: 
= ,/Z Rh t h2 
h = 500KM 
R = 6370 KM 
28 = Field of View 
A = Tangent  Height 
8 is given by the  equation: 
where: 
A = /(R + h)2 - R 2  
= ,/2 x 6370 x 5 0 0  t 250000 
= 2575 KM 
therefore: 
-1 6370 9 = tan " 
25 75 - tan-'  2.474 
= 67O 59.5 '  
68O 
field of view of the  satellite is: 
2e = 136O 
20 
2.4.2 Duty Cycles of the Chopper 
2.4.  2. 1 Earth Albedo (E o r  E ) 
S m 
The  spacecraft  and its phototube  detector  with a 
20 field of view is shown below: 0 
Therefore,  the  total  apparent  field of view of the 
phototube  viewing  the  earth  is: 
136O t 20° = 156O 
and a duty  cycle of the  chopper  for  earth  albedo 
would  be: 
156O -
20 sec.  x 3600  = 8 . 6 6  
M 8.7  sec.  
or:  8.7 sec.  out of every 20 sec.  
2 . 4 . 2 . 2  Moon  Radiance  (M) 
Since  the  size of the moon is approximately 33' and 
the phototube has a 20 field of view, the period of 
direct  moon  viewing  becomes: 
0 
20° 20 sec. x - 
3600 = 1 . 1  sec. 
or: 1 . 1  sec. out of every 20 sec .  
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2.4.2.3 Sunshield Attenuated Moon Radiance (M 
a 
The sunshield has a 50 field of view and its duty 
cycle  becomes: 
0 
5 Oo 
36 Oo 
20 sec.  x - = 2.8 sec. 
or 2.8 sec.  out of every 20 sec.  
2.5 ILLUMINATION ANALYSIS 
In order  to  completely  understand  the  magnitude of each 
irradiation  source  and  their  relationship  to  the  phototube 
capability, an analysis was conducted. Since illuminating 
intensities during daylight portions of the  spacecraft  orbit 
were beyond the phototube capacity, it was decided that the 
phototube  would be turned on only during  the  dark  portion of 
the orbit. The remaining sources, which illuminated the 
phototube during the time that power was, supplied., were the 
moon and the earth albedo of the moon. The following analysis 
was  conducted  for  each  irradiation  source.  
2.5. 1 Stray Sunlight (S) 
The  total  irradiance of the  sun  in  the  range of a type 541N 
phototube is given by: 
H(A) P ( i )  = 31.2  mw/cm 2 
where: H(A) 1 the solar irradiance curve (Fig.  2.5.  1-1) 
P( i )  = the normalized Q. E. curve of the photo- 
H ( i )  Ph) curve  is  as shown  in  Figure  2.5.  1-3. 
Spacecraft  is  in three o 'clock orbit .  Stray 
sunlight  will  be 45O off the  optical  axis. 
The  attenuation  factor is 10 . 
tube (Figure 2.5. 1.-2). 
-5 
Therefore,  the  apparent  irradiance of stray sunlight at the 
photocathode  is: 
p(S) = 0.0312  W/cm x 10 = 3.12 x 10 W/cm 
2 -5 -7 2 
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2 . 5 . 2  Earth Albedo of the Sun ( E  ) 
s 
Solar  radiation  reflected  from  the  Earth is variable  and  depends 
a l so  on surface conditions of the Earth. The albedo which is 
a spectral   image of the  sun  modified by ref lectance  character-  
i s t ics  of surface  elements of the  Earth  is   a lso a function of the 
angle of the  sun  relative  to  that  portion of the  surface  under 
consideration. In Figure 2.5.2-1 an earth albedo at  45O off 
the  sun  line  (three  o'clock  orbit)  is  approximately  0.25 
(assuming  500 KM altitude)  and  the  attenuation  factor  for E 
i s  2 . 0  X (see  S ction  2.3.2.2).   Therefore,   apparent 
irradiance at the photocathode due to E is :  
S 
S 
p(E ) = 0.0312  W/cm x 0.25 x 2 . 0  x 1.56 x 10 W/cm 2 -4  2 
S 
2.5.3  The  Moon (M) 
2.5.3.  1 Four different brightness calculations were derived 
and  each  was  within  the  same  order of magnitude. 
2.5.3.  1. 1 Meisenholter made a theoretical model 
calculation  in  his  report  "Planet 
Illumination", (Ref. 1) for all the planets 
and moon of the solar system. According 
to his tabulated data, the illuminance of 
the ful l  moon  at  the  distance of the  Earth 
was  given  as: 
1 .6  x W/cm 
2 
2.5.3. 1.2 The visual brightness values of the moon 
as   measu red  on ear th   a re   0 .02   to   0 .03  
lumens/ft .2 (Ref.  2, 3) .  These values  are  
af ter  the atmospheric  attenuation;  therefore, 
a correction is required.  Assuming that 
the  spectral   distribution of moon  light  is 
the same as the sun's (see discussion below) 
a correct ion  factor   between  a i r   mass  0 and 
a i r   m a s s  1 of the  solar  spectrum  needs 
to  be applied to the case of the moon. In 
the visible region of the spectrum, approx- 
imately 20 percent  of the a i r   m a s s   z e r o  
spectrum is attenuated on Ea r th   ( a i r  mass 
one). 
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Using 0.025 lumens/ft.  as the 
illuminance of a full   moon  on  Earth 
and  outside  the  Earth's  atmosphere 
one  obtains : 
0.025 x 5 / 4  = 0.0313 lumens/ft. 
2 
2 
The  conversion  factor of lumens  to 
watts i s  685 lumens  per  watt  for  the 
visible range of the spectrum 
( 1  ft.  = 930 cm2 ) therefore:  
2.5.3. 1.3. Fessenkov (Ref. 4) states that the color 
of the  moon  does  not  differ  greatly  from 
that of the sun. Measurements with 
different  filters  show  that  the  difference 
in  color  indices  is  0. 13 to 0.33. The 
color  indices  selected  are  0.8  for  the  sun 
and 1 .  1 for the moon. Therefore, it will 
be  within  the limit of e r ror   range   for   the  
calculations i f  the shape of i r radiance 
spectrum of the  moon  in  the  visible  range 
is s imilar  to  that  of the sun. Knowing the 
difference in the visual magnitude, one 
computes  the  brightness of the  moon as 
follows: 
Visual Magnitude (m) of the sun = 26.7 
Visual Magnitude (m) of the moon = 1 2 . 7  
A m = 1 4 = 5  t 5 - t  4 
Brightness factor = (100) x (100) x (40) 
= 4 x 105. 
Therefore, in the visible range, the sun 
is about 4 x l o 5  times brighter than the 
full  moon. 
The  total  irradiance of the  sun  in  the 
visible range is given by the  integral: 
H ( x )  V(x) d(X) = 19.2m W/cm 2 
28 
whe re : 
H(X) = the  solar  i r radiance curve,  (Figure 
V(X) = the  normalized  human  eye  response. 
2.5.1- l),  and 
Therefore,  brightness of a full  moon is: 
19.2m  w/cm 2 
= 4.8  x 10 mW/cm 
= 4 . 8  x 10 W/cm 
-5 2 
-8 2 
4 x 10 5 
or: 
2.5. 3 .  1.4.  Since  the  human  eye  response is not  the  same as 
a photoelectric device, the following calculations 
a re   based  on photoelectric  measurements. 
Photoelectric Magnitude (m) of the sun = 26. 16 
(Ref.  5) 
Photoelectric Magnitude (m) of the moon = 11.74 
(Ref. 4) 
A m  = 14.42 M 14.5 = 5 t 5 t 4 t 0.5  
Brightness factor = 100 x 100 x 40 x 1.585 
= 6.34 x 10 5 
The total radiance of the sun in the range of a 
type 541N phototube is given by: 
H (x) P (x) d(X) = 31.2mW/cm 2 
Therefore,   an  apparent  brightness of the full moon 
as seen  by the  phototube  is: 
31.2mW/cm 
6. 34 x 105 
2 
= 4.92 x 10 mW/cm -5 2 
= 4.92 x 10 W/cm -8 2 or: 
The  above  calculations  show  very  close  agreement 
with  the  theoretically  calculated  values  which  are 
of the  same  order of magnitude. 
Therefore, the value  used for brightness of 
29 
the full moon  was: 
5 x W/cm 
A s  shownin  Figure  2.5.3.1.4-1.  
2 
5 .3 .2  A s  the moon travels from full moon position (0  phase 0 
moon)  to  the 5 / 8  moon  position  (-45O  phase  moon) 
the phototube will see  the  moon  light  starting at the 
-Zoophase  which  also  corresponds  to  an  angle of 
25' off the optical axis of the phototube and is the 
angle of the  sun  light  shield  (see  Figures  2.5. 3. 1.4-1 
and  2.5.  3.  2- 1 ) .  Calculations of the  apparent  moon 
i r radiance (M) at  different  moon  phases on  the 
photocathode a r e  as follows: 
2 .5 .3 .2 .  1 When the moon is 45 off the optical 
axis of the phototube and is at   full  
moon  position (0' phase): 
M = 5 x 10 W/cm  (see  Fig.  2 .5 .3 .  1 . 4 - 1 )  
Attenuation = 10 
0 
-8 2 
-5 
p (MI = 5 x I O - ~ ~ W / ~ ~  2 
2. 
2.5.3.2.2 When the moon is 25 off the optical 
axis  (within  sunshield)  and  the  moon 
is at a -20° phase: 
M = 3.36 x 10-8W/cm 
0 
2 
Attenuation = 2.0 x 10 
-2 
p (M) = 6.72 x 10 W/cm - 10 2 
2 .5 .3 .2 .3  When the moon is l o o  off the optical 
axis  (within  the  field of view of the 
phototube)  and at  a -35O phase: 
M = 2.45 x 10 W/cm 
Attenuation  just  before l o o  = 2.0 x lo-'  
-8 2 
p (M) = 2.45 x x 2.0 x 10 -' 
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I 
= 4.9  x 10-loW/cm 2 
Attenuation  just after loo = 0.73 
p (M) = 2.45 x x 0.73 
= 1 . 7 9  x 10-8W/cm 2 
2.5.3.2.4 When the moon is loo  off the optical 
axis  and is at a -55O phase: 
M = 1.45 x 10-8W/cm 2 
Attenuation  just  before loo  = 0.73 
p (M) = 1.45 x x 0.73 
= 1.06 x 10 W/cm - 8  2 
Attenuation  just  after IOo = 2.0 X 10 - 2  
p (M) = 1.45 x x 2.0 x IOe2 
= 2.9 x lo-low/c,  2 
2.5.3.2.5 When the moon is 25O  off the optical 
axis and is a t  a -70° phase: 
M = 0 . 9 3  x 10-8W/cm 2 
Attenuation = 2.0 x 10 
p (M) = 1.86 x 10-loW/cm 2 
- 2  
2.5.3.2.6 When the moon is 45O off the optical 
axis and is at a -90°  phase (last 
quarter  moon):  
M = 0.45 x 10-8W/cm 2 
Attenuation = 10 -5 
2 .5 .4  Moon 
Figure 2 . 5 . 3 . 2 . 6  -1 shows  apparent 
moon  irradiance at the  photocathode 
for  different  phases as calculated 
above. 
Light  Reflected  by  the  Earth 
Meisenholter (Ref .  1) made theoretical calculations of various 
planet  illuminations  for  different  angles of incident  light 
relative  to  detector  position  and  altitude.  Figure  2.5.2- 1 
w a s  derived  from  the  above  reference  and  shows  albedo 
values of the  Earth  at   an  alt i tude of 600 KM for  different 
angles of incident light. Since the projected spacecraft is 
in a three  o'clock  orbit  and  the  phase of the  moon  changes as 
shown  in  Figure  2.5.3.2-1, a combination of curves  in 
Figures  2.5.3.2.6-1  and  2.5.3.2-1  produces  the  earth 
reflected  moon  light  for  different  phases of the  moon as shown 
in  figure  2.5.4- 1. 
Calculations of irradiance at the photocathode due to E when 
the  moon is in  the OOphase (full  moon): 
m 
E = 1. 19 x 10 W/cm -8 2 m 
Attenuation = 4.4 x 10 - 4  
P (Ern) = 1,-19 x x 4.4 x 10 
-4  
= 5.24 x 10 W/cm - 12 2 
Figure  2.5.4-2  shows  the  irradiance  curve at the photocathode 
duc to E for different phases of the moon. m 
2.6  CALCULATIONS O F  ANODE CURRENT 
2.6. 1 Anode Current  Calculation 
In Section 2.5, all possible  irradiances  due  to  various  light 
sources were derived. It is  necessary also to calculate the 
expected  anode  current (Ia) dv?  to  these  light  sources  and  to 
determine  when  the  phototube  should be on o r  off to  prevent 
failure of the phototube. The basic equation to calculate 
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I 111 II 
anode  current is given by: 
I a = p x g   x G x A  k 
2 
= p (W/cm ) x 1.6 x 10 amperes  
5 
as derived  in  Appendix  9.2. 
2.6.1. 1 
2.6.  1.2 
2. 6. 1 .3  
Anode current  due  to  stray  sunlight ( S )  
p ( s )  = 3.12 x W/cm 2 
Ia ( S )  = 3.12 x 10 x 1.6 x 10 amperes  -7 5 
-2 
= 5 x 10 amperes  = 50 mA. 
Anode current  due  to E 
S 
( E ~ )  = 1.56 x 
Ia (Es)  = 1156 x 10 x 1 .6  x 10 = 25 a m p e r e s !  ! ! 
The  two  calculations  above  indicate  that  power  to 
the phototube should definitely be off during daylight 
portions of the  spacecraft  orbit.  
Anode current  due  to M 
The  p(M)  curve  for  different  moon  phases  shown 
in  Figure  2.5.3.2.6-1  and  the  constant  multi- 
plication factor of 1.6 x 10 gives the desired 
anode  current  curve as shown  in  the  upper  curve 
of Figure  2.6.   1.3-1,  
In  Figure  2.6.1.3-  1, I (M)  shows a rapid  increase 
in  anode  current at the -loo phase of the  moon  and 
a further  increase  into  the  mA  current  range  for 
the 5/8th period. During the 5/8th period the moon 
is directly above the phototube, but then goes out 
of view rapidly at the -75O phase. Since the 
burn-in  current of the phototube is 5 p A, the 
phototube  power  should be off between  moon 
phases of 5' to 75O. 
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I 
2 . 6 .   1 . 4  Anode Curren t  due to E m  
Figure  2.5.   3.2.6-1  shows  the  values  for 
p(Em). A constant multiplication factor of 
1.6 x lo5  resu l t s  i n  the Ia(Em) curve as 
shown  in  the  lower  curve of Figure  2.6.1.3-1. 
Between -10 to -75 phases of the moon 
per iod  Ia(Em) is almost  negligible  as  compared 
to  the  Ia(M). 
0 0 
2.7  SIMULATED  LEVELS O F  ILLUMINATION 
2.7.  1. Stray Sunlight (S) and Earth Reflected Sunlight (Es)  
Calculations  in  Sections  2.5. 1 and  2.5.2  show  that  the  stray 
sunlight is negligible as compared  to  the  earth  reflected 
sunlight.   Therefore,   the  irradiance of: 
S = 3. 12 x 10  W/cm -7 2 
and E = 1.56 x 10 W/cm 
-4 2 
S 
was simulated with a single tungsten lamp. The lamp was 
arranged  with a water   f i l t e r   to   cu t  off the IR  spectrum,  and 
a neutral   density  screen  f i l ter   to  reduce  the  intensity s o  that 
the  total  irradiance  at  he  phototube  was  1.57 x W/cm 2 
The  lamp  was  turned on for  54  minutes  and off for  36 
minutes to simulate orbit conditions, and three rpm 
mechanical  chopping  was  used  to  simulate  rotation of the 
spacecraft .  
2.7.2  Moonlight  (M)  and  Earth  Reflected  Moonlight  (E ) 
m 
The  irradiances of combined  moon  and  earth  reflected 
illumination  at  the  photocathode  are  shown  in  Figure  2.7.2- 1. 
One  tungsten  lamp  was  used  with  different  sets of neutral  
density screen fi l ters to obtain the desired flux levels.  The 
lamp  was  turned off for  54  minutes  and on for 36 minutes, 
and  three  rpm  mechanical  chopping  was  used  to  simulate 
spacecraft rotation. The following simulated flux levels 
were  used: 
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2.8  SIMULATED F L U X  LEVELS F O R  CHARGED PARTICLES 
Irradiation of the  phototubes  with  protons  and  electrons  was 
accomplished  with a low  energy  Van de  Graaff  accelerator. 
The  program of exposure  was  arranged s o  that  the  phototubes 
were  irradiated  with  protons (H ) f o r  a one week  period  and 
then  with  electrons  (e-)  for a one week period. During the 
f i r s t  two  weeks of exposure,   the  proton  and  electron  par- 
t ic les   were  accelerated at an  encrgy  level  of 20 KeV. 
During  the  remainder of the  test   program,  an  energy  level 
of 35 KeV was  utilized. 
f 
The  rate of irradiating  fluxes  and  total  flux  levels  were 
measured  with a Faraday  cup  located  within  the  test  chamber 
and in the plane of the phototubes. Measurements of 
irradiating fluxes were made at least daily. The flux 
levels  were: 
Protons: 4 x 10 par t ic les /cm - day 
Electrons: 10 par t ic les /cm - day 
7 2 
10 2 
The  flux  levels  and  rates  for  high  energy  irradiation  were 
selected from data derived at NASA/GSFC on March, 1967. 
The  data  were  obtained  from  spacecraft  flights at 400 KM 
altitude and a 90° polar orbit. In summary, the following 
data  were  derived: 
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Electrons  Protons 
Flux  Energy  (MeV)  Flux  Energy  (MeV) 
3.35 x 10 e / c m  - day > 0 w10 p / c m  - day > 0 
5.19 x 10 > 3  
9 2 7 2 
8 > .5 6.43 x 10 
> 1  4.82 x 10 
6 
6 1.77 x 10 8 > 5  
3.11 x 10 
7 
6 
7.36 x 10 
> 2  1.04 x 10 6 > 15 
> 3  8.88 x 10 5 > 30 
2.11 x 10 
6.66 x 10 
6 
5 
> 4  7.29 x 10 
> 5  3.47 x 10 
> 6  
> 7  
5 > 5 0  
5 > 100 
2.18 x 10 
7.43 x 10 
5 
4 
Since  the  desired  orbit  conditions  for  the  subject  study  are 
established at 500 KM and 95O polar orbit ,  an increase of 
10-20 percent in the values above are reasonable.  Therefore,  
integrated  fluxes at ra tes  of l o l o  electrons/cm2-day  and 
4 x 10 7 protons/cm2-day  are  selected  for  use  in  testing  the 
phototube. 
SECTION 3.0 
E X P E R I M E N T A L   A P P A R A T U S  
Exposure of the  multiplier  phototubes  to  spatial  environments  combining 
solar,  planet,  and  charged  particle  radiations  was  conducted  in a 
vacuum enclosure arranged as illustrated in Figure 3.0-1. Four 
identical  phototubes  were  arranged so that  the  following  schedule of 
exposure was accomplished: 
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FIGURE 3.0-1 GENERAL ARRANGEMENT OF THE  XPERIMENTAL APPARATUS 
Phototube 11644: electron  and  proton  irradiation 
Phototube 11762: electron, proton, and earth albedo 
irradiation 
Phototube 11647: electron, proton, earth albedo, and 
lunar  illumination  irradiation 
Phototube 11664: ear th   a lbedo  i r radiat ion 
The  entire  testing  facility  was  arranged  to  facilitate  the  experi- 
mental  program  and  provide  for  in  situ  measurements of optical 
and  electrical   properties on each  phototube. A program of 
irradiation  and  measurement  was  conducted  for  seven  months 
(total  exposure  time)  without  disturbing  the  enclosure  environment. 
A detail  description of each  major  component of the  experimental 
apparatus is presented  below  and  illustrated on  the  block  diagram, 
Figure 3.0-2. 
3 .1  VACUUM ENCLOSURE 
A stainless  steel   bell  jar  eighteen  inches  high by eighteen  inches 
in   diameter  w a s  modified  (Figure 3. 1-1) to  provide a vacuum 
enclosure for the phototubes. The bell jar flange was grooved 
to  accommodate a single  viton  O-ring  for  sealing  the  top  closure 
plate. A number of openings were cut and flanges welded in 
place to provide optical and vacuum parts. Two optical parts 
were  required  to  illuminate  the  phototubes  during  simulated 
earth  and  lunar  irradiation  and  during  measurements of spectral  
response.   Each of these optical parts had a quartz window 
sealed  to  the  port by a viton O-ring. The additional ports which 
were  cut  into  the  bell   jar   enclosure  were  arranged  with  f langes 
to  accommodate  the  accelerator  flight  tube  and  two  vacuum  pumps. 
The  top  closure  plate  had  provisions  for  mounting  the  phototube 
assembly  and  corresponding  electrical  feed-throughs  required 
for power and measurements. Additional feed-throughs were 
provided in the top plate for thermocouples, Faraday cup, and 
phototube positioner. The top closure plate (Figure 3.1-2) 
w a s  fabricated  from 304 stainless  steel  plate,  one-half  inch 
thick  and  bolted  in  place on  the  bell j a r  O-ring  flange. 
All   interior  surfaces of the  vacuum  enclosure  were  covered  with 
3-M black  velvet  paint  to  reduce  internal  reflections of illumi- 
nation. This surface treatment was apparently successful because 
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we  could  not  measure  any  change  in  response of one dark 
phototube when the remaining three were illuminated. In 
addition  to  the  internal  black  coating, a baffle  type 
configuration  was  designed  to  hold  the  phototubes  and 
eliminate unwanted radiations and secondary reflections 
on specific phototubes. The baffle configuration (Figure 3.1-3) 
was  painted  black  also  and  was  supported on a vacuum  feed- 
through  to  permit  rotary  and  l inear  motion of the  entire 
assembly. In addition to the phototubes, the holder assembly 
supported a Faraday  cup  to   measure  e lectron  and  proton  f lux 
levels. The faces of all four phototubes and the Faraday cup 
were  on the  same  measuring - irradiating  plane. 
3 . 2  VACUUM PUMPS 
Vacuum  pumps  were  provided  in  the  experiTnta1  apparatus 
to  maintain  an  operating  pressure  below  10-  torr   in  the  test  
enclosure. A Vac-ion pump which was initially designed for 
use  in  the  facility  had  to  be  replaced  with  an  oil  diffusion  pump 
when it was  discovered  that   an  electrical   f ield  effect   from  the 
ion  pump  magnet  was  strong  enough  to  deflect  the  stream of 
electrons from the accelerator. The same difficulty was also 
encountered  when  an  attempt  was  made  to  use a cold  cathode 
vacuum gage which incorporated a ring magnet. Therefore, 
vacuum  pumping  and  measurement  was  acc-omplished  void 
of any  magnetic  fields.  In  addition  to a six inch diffusion 
pump  used  on  the  test  chamber  enclosure, a four  inch 
diffusion  pump  was  incorporated  into  the  accelerator  module. 
The  total  capacity of these  two  pump  systems  was  more  than 
adequate  to  achieve  high  evacuation  rates  and  to  maintain 
desired  pressure  levels .   Each  diffusion  pump  was  arranged 
with a water  cooled  cold  cap  to  prevent  backstreaming of oil 
into the system. Rough pumping was achieved with mechanical 
pumps connected to each diffusion pump. Initial evacuation 
of the  test  enclosure  was  achieved  with a liquid  nitrogen 
cryopump. Measurements of pressure were made periodically 
using  hot  filament  ionization  gauges  located on  the  accelerator 
and on the test enclosure. The pressure was consistently 
below 10'6torr and at no time during  the  test  program  did  it  
rise above 10' d to r r .  
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3.3  ELECTRON-PROTON  ACCELERATOR 
Irradiation of the  phototubes  with  electrons  and  protons  up to 
an  energy  level of 35 KeV was  accomplished  with a model 
SO- 173K  Ion accelerator  manufactured  by  High  Voltage 
Engineering. The accelerator was used at n energy level 
of 35 KeV and fluxes of 4 x 10 protons/cm /day and 
10-lOelectrons/cm  /day  for all but  the first two weeks of 
exposure. During the first two weeks the phototubes were 
i r radiated at an  energy  level of 20 KeV and  flux  levels  noted 
above.  The  accelerator has a maximum  beam  current  
capability of approximately  1.5 x l o m 3  amperes .  An Einzel 
lens  was  used  for  beam  focusing  and  an  analyzing  magnet  was 
utilized  to  extract  protons  or  electrons  from  the  beam. 
Hydrogen  gas  used  in  the  accelerator  was  passed  through a 
palladium  leak  and  ionized  to  form a confined plasma. The 
plasma,  which  was  excited  by  RF  capacitive  coupling,  was 
confined and positioned with an axial magnetic field. The 
accelerator  output  was  optimized  by  control of gas   p ressure ,  
magnetic field, oscillator loading, and acceleration voltages. 
A Faraday  cup  located  in  the.  test  chamber  was  used  to  measure 
and monitor the level of exposure  to  charged  particles.  The 
drift  tube  and all connections  were  fabricated  from  non-magnetic 
materials  and  covered  with  mu  metal   to  el iminate  stray  magnetic 
fields.  The  distribution of par t ic le  f l u x  was  determined  by 
translating  the  Faraday  cup  vertically  in  the  face  plane of the 
phototubes. Data of electron and proton distribution illustrated 
in   Figure 3. 3-1  indicate  that a maximum  deviation of 25 percent 
from  minimum  to  maximum  values  could  be  expected  during 
irradiation. This magnitude of difference in exposure values 
is well  within  the  capability of experimental  technology. 
7 z :  
2 
3 . 4  FARADAY C U P  
Measurements of charged  particle  irradiation  were  conducted 
with a Faraday  cup  (Figure  3.4-1)  located  in  the  test  chamber. 
Since  the  Faraday  cup  was  located on the  phototube  holder  and 
directly  below  the  phototubes it was  convenient  to  check  the 
level of irradiating  flux  periodically  throughout  the  test  program. 
3.5  TEST  MEASUREMENTS 
Measurements of phototube  properties  and  characterist ics 
were  obtained  periodically  throughout  the  period of irradiation. 
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These  data  were  obtained  with  the  phototubes  in  situ  and 
colkisted of the  following  items: 
Spectral  response  (Quantum  Efficiency) 
Current-Voltage  gain  characteristics 
Dark   cur ren t  
In  addition  to  phototube  properties,  measurements  were  made 
a l so  on the  tes t   system  parameters   and  consis ted of temper-  
ature, vacuum, orbit number, and total elapse time. 
3.5.1 Spectral Response (Quantum Efficiency) 
Character is t ics  of spectral   response of the phototubes is a 
measure of cathode  radiant  sensit ivity  in  amperes  per  watt  
as a function of spectral wavelength. Mathematically, the 
quantum  efficiency is expressed as a function of the  anode 
current   where:  
I = p x G x Ax Q.E.  x 8.0658 x 10 Amps/cm -7 2 a 
p = incident power (W/cm ) 
6 G = Gain (10 ) 
X = wavelength ( A ) 
2 and: 
0 
Q. E. = Quantum Efficiency (7') 
Therefore, by measuring I and p experimentally at a given 
X and  for a gain of 10 the  calculation  for  quantum  efficiency 
becomes: 
6 a 
Q. E. = Ia /p  X X  x 8.0658 x 10-1 
During  measurement of spectral  response,  incident  power  (p) 
was  recorded  with a calibrated  thermopile  detector  and 
monochromatic  light (X) was obtained  with a se t  of narrow 
bandpass filters. During these measurements, the photo- 
tubes  were  connected as a diode  (Figure 3.5. 1-1)  with a 
forward bias of 150 volts DC. The voltage level of 150 was 
sufficient  to  saturate  the  phototube  and  establish a stable 
electrical condition for measurement. The spectral 
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CATHODE CURRENT 
response  property is then a function of the  to.tal  cathode 
current  output  divided  by  the  total  incident  monochromatic 
energy on the  cathode. 
The  optical   system  for  spectral   response  measurements 
was  arranged as a filter  radiometer  (Figure  3.5.1. -2). 
Each  narrow  bandpass filter (Figure  3.5.1-3)  permitted 
approximately  30  percent  transmission  at   the  principle 
wavelength  and 5 to  10  percent  at  the  second  order  in  the 
infrared region. This excess energy in the infrared 
spectrum  was  eliminated by a second  order cutoff filter. 
The  thermopile  detector  was  used  to  set  equal  mono- 
chromatic  energy  through  each  filter  and  was  then  removed 
from  the  beam  path  during  illumination of the  phototube. 
Figure  3.5.1-4  shows  the  linear  response  and  sensitivity of 
the  thermopile  used  for  equal  energy  measurements. 
During  initial  check-out  measurements of spectral   response 
with  the  f i l ter   radiometer,   an  error  in  use of the  filters 
caused some erratic results.  Although the fi l ters were 
purchased  and  measured  to  have  very  narrow  wavelength 
transmission  properties,   the  presence of small second 
order   bandpasses   were  responsible   for   overal l   errors   in  
spectral  response properties.  When a filter was endowed 
with  the  capability  to  transmit  more  than one bandpass 
order, the reference thermopile detected an overall 
increase in radiant energy. This increased energy level 
w a s  then adjusted to a constant  energy  level.  As a resul t  
of sequential events, the phototube output became lower 
as the second order transmissions increased. An evaluation 
of all filters  was  made  over  the  wavelength  range of 0.25 
to  15 microns  and  spectral  cut-off  filters  were  introduced 
to block out the unwanted second orders. The resulting 
data  with  cut-off  filters  were  in  complete  agreement  with 
published  curves  for  the  phototubes,  Figure  3.5. 1. -5. 
3.5. 2 Current-Voltage Gain 
Electrical   gain  factors for the l a s t  two dynode stages  and 
anode of each  phototube for various  voltages on the  cathode 
were  obtained  with  the  phototube  arranged  electrically as 
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shown in Figure 3.5.2-1. During measurements of 
current-voltage  gain  the  phototube  was  illuminated at 
a constant level throu,ghout the range of testing. The 
light  level  was  selected  to  produce a cathode  current (I ) k 
of 2 x 10- l2 amperes  and  to  maintain  the  anode 
cur ren t  (I ) well below the phototube burn-in'current of 
5 x 10 amperes.  The precise measurements of very low 
cathode  currents  were  'made  with a dc  powered  Keithley 
Electrometer  and  illumination  was  provided by a tungsten 
lamp. 
-6 a 
3.5.2.1 The following procedure was used: 
Once  the  light  level of illumination  was  established 
to obtain an Ik of 2 x 10 amperes, voltage on the - 12 
phototube was increased until an I of 2 x 10 amperes  
was obtained. This voltage corresponded to a gain 
in the phototube of 10 . Similarly, the phototube 
voltages were established for an I of 2 x 10 amperes  
which w a s  proportional  to a gain of l o 5  and an I of 
2 x 10 amperes which was proportional to a gain 
of 10 . During each period of measurement the 
current  values  for  the  last  two  dynode  stages 
and I were  obtained  also. 
- 8  
a 
4 
-7 
a 
- 6  a 
6 
'13 
14 
3.5.2.2  Measurements of gain  previous  to  Orbit No. 400 
were  accomplished  in  accordance  with  the  vendor's 
recommended  procedure  and  was  as  follows: 
The  light  level  was  set s o  that the cathode current (I ) K 
indicated 10-l' amperes with the phototube arranged 
electrically as a diode. The phototube was then 
arranged  electrically as a multiplier  and  the  anode 
voltage ( V  ) was adjusted S O  that the anode current 
(IA) indicated a level of 10 amperes which, there- 
fore,   resulted  in a gain of 10 4 . Holding the voltage 
constant,  the  light  level  was  reduced so  that I A 
decreased  to   amperes .  Holding  this  new 
light level constant, the anode voltage VA) was 
then  increased  to  obtain a value of lo-' amper-es 
A -6  
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for  the  anode  current (I ) which  resulted  in a 
gain of 10 . This process was  then repeated 
again  for  the  voltage  required  to  obtain a gain of 10 . 
5 A 
6 
The  procedure  outlined  above  which  gave  satisfactory 
results  was  not  desirable  because it required a 
couple of hours  for  the  cathode  current  to  settle 
down after each measurement of gain. In addition, 
there  was  constant  apprehension  and  rechecking  to 
be sure  that  the  light  levels  were  set  properly. 
Therefore,  the  measurements of Orbit 400 and 
thereafter  were  obtained as described  in 
Section  3.5.2.1. 
3.5.3. Dark Current 
The  phototubes  were  darkened  (no  illumination on the  photo- 
tubes)  for a minimum  period of four  hours  prior  to  recording 
dark current data. Typical periods of time for each photo- 
tube  to  recover  their  initial  condition  after  being  illuminated 
a r e  shown in Figure 3.5.3-1. The dark current was 
measured at the  anode  with  an  applied  voltage on  the 
phototube  equal  approximately  to  that  required  for a gain of 
l o 6 .  The voltages used were those determined previously 
during  current  voltage  gain  measurements. 
3.6  ALBEDO  ILLUMINATION 
To  obtain  the  correct  level of illumination  to  simulated S, E , 
M, M a ,  and Em during irradiation of the phototubes, a com- 
bination of slit aperatures  and  neutral  density  filters  was 
utilized. The geometry for illumination was arranged as 
shown  in  Figure  3.6-1  and  the  levels of irradiances  on  the 
phototubes  were  measured  for  each  condition of simulation. 
S 
The  source of illumination  consisted of two tungsten  filament 
quartz  envelope  lamps  operating at their   rated  power of 
1000 watts;  and  to  obtain  maximum  energy  in  the  ultraviolet 
spectrum, lamps with 3200°K filaments (Figure 3.6-2) were 
used. The total energy of illumination viewed by the 
phototubes  was  attenuated  to  simulated  levels by placing  the 
following items in the beam path: a)  Water filter. A one - 
half inch  thick  water  f i l ter   was  constructed of a quartz  plate 
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container and distilled water. The water was replaced 
weekly  in  accordance  with a plan of preventive  maintenance. 
b) Neutral density filter. A combination of s c reen  type 
filters were used. To eliminate the problem of illumination 
passing  straight  through  the  openings  in a  grouping of 
multiple  screens,   each  screen  was  separated  from  an 
adjacent  screen by a minimum  distance of one-half  inch. 
This  geometric  separation  plus  non-registration  between 
screens  resul ted  in  a capability  to  series  multiplication 
factors of each  screen  and  arrive  at   very  low  fi l ter   trans- 
mission capabili t ies.  c)  Sli t  aperture.  A long narrow sl i t  
opening  was  used  to  obtain  the  very  low  levels of simulated 
lunar illumination. The use of a pin-hole aperture was 
rtb'scted  because it resulted  in  the  lamp  element  being 
focused on the phototube. The slit opening performed satis- 
factorily  and  provided  uniform  illumination  over  the  phototube 
without any focusing characteristics. d) Quartz window. On 
the  optical  entrance  port  served  to  further  reduce  the  level of 
illumination on the  phototubes. 
A summary  of sl i t   aperture  and  f i l ter   values  used  for  different 
illuminating fluxes is shown in Figure 3.6-3. A thermopile 
detector  located  in  the  test  chamber  and  in  the  plane of the 
phototube  faces  was  used  to  measure  illuminating  fluxes. 
Illuminations of the  phototubes  were  controlled by mechanical 
choppers  operating  at a constant  speed of three  revolutions 
per minute. Optical alignment was arranged s o  that   earth 
and  moon  albedos  were  phased 180° apart  and  the  following 
periods of O N  and  OFF duty  cycles  were  used: 
Earth  Albedo of the sun (E ) 
S 
Earth Albedo of the moon (E  ) m 
Moon Albedo of the  sun ( M  & Ma) 
Direct  Viewing (M) 
Sunshield  Attenuated  (Ma) 
8.7 seconds ON 
11.3  seconds  OFF / 
8.7 seconds ON 
11.3  seconds  OFF 
,i 
I 
1.1 seconds O N  
18.9  seconds  OFF 
2.8 seconds ON 
17.2  seconds O F F  
67 
I 
Theoretical  
Flux Values 
T e s t  Flux 
In Phototube 
W/cm2 
1 .6  x 
'1.8 x 
5 . 4  x 
5 . 4  x 
Simulation 
S t E, 
M 
Ma 
Em 
Fi l t er  
%'07 
3 
1 
.03 
.0003 
Slit   Size 
Slit  not used 
0.00411  S l i t  
0. 004"  Slit 
0 .00411  S l i t  
FIGURE 3 . 6 - 3  OPTICAL ATTENUATION OF ILLUMINATING FLUXES 
J 
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The 90 minute  spacecraft  orbit  period  was  simulated by con- 
trolling  power  to  the  illuminating  lamps  at  duty  cycles of 
54 minutes and 36 minutes. The lamps have a r ise   t ime  to  
total   stable.power  in  less  than 30 seconds, so therefore,  no 
compensation  in  duty  cycles  was  made.  When  the S + E 
lamp was "ONtt the M, Ma, Em lamp was "OFF" and 
vice-versa.  
The  illuminating  flux  levels  on  the  phototubes  are  sufficient, 
in   some  cases ,   to  be beyond the phototube capability. 
Therefore,  electrical  power  to  the  phototubes  was  supplied 
a t  the  following  periods only: 
s 
S t E  
S 
: 54 minutes OFF and 36 minutes ON 
and  phased so that  when  power  was 
on the phototubes, the illuminating 
flux  was  OFF  and  vice-versa. 
M and Ma : Power  was  OFF  during  these 
illuminating  periods . 
E 
m : Power was ON during this period of illumination. 
The  period of illumination  for  lunar  fluxes  was  arranged  for 
compatibility with the 28 day period of lunar  phases. A total 
period of illumination  for 205 hours  and 20 minutes out of 
each 672 hours (28 days)  was  accomplished. 
3.7 ELECTRICAL  ARRANGEMENT 
Electrical   circuits  were  provided  in  the  test   facil i ty  to  control 
the albedo light levels, orbit sequences, and measurements of 
phototube properties. Automatic timing switches and choppers 
were  arranged  to  provide  power  to the  phototubes  and  albedo 
lamps at simulated real time orbit conditions. An adjustable 
90 minute  timer  with  multiple  stations  was  used  to  control 
power  to  the  phototubes  and  albedo  lamps  at a  duty  cycle of 
5 4  and 36 minutes. A mechanical chopper which was synchro- 
nized  at a constant  speed of three  rpm  had a  duty  cycle of 7.7 
seconds  and  was  used  to  simulate  spacecraft  rotation by 
chopping the albedo lamps. The 90 minute timer and three rpm 
chopper  were  not  synchronized  together  to  more  closely 
duplicate  the  real  time  spacecraft  conditions. 
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3.7.1 Elec t r ica l   c i rcu i t s  of the  pr imary  controls   were  arranged to  
control  and  measure  each  phototube.  The  gain of each  
dynode  stage  and the overall  phototube  was  measured  with 
an  accurate  battery  operated  Keithley  Electrometer  capable 
to   amperes   and a variable  high  voltage  power  supply. 
Each  s tage of the  phototube was selected  with  specially 
constructed,  low contact resistance,  jacks.  
3.7.2  The  albedo  l ight  sources  were  arranged  and  controlled s o  that 
when  the  lights  were on the  phototubes  the  power  supply  was 
off. The periodic t imer for "ON" - "OFF" periods of 54 and 
36 minutes  was  accurate  to 1 / 2  percent  of any  setting, 
Figure 3.7.2-1. 
3.7.3  Quantum  efficiency  measurements,  associated  light  sources, 
and  f i l ters  were  controlled  manually  during  each  measurement 
period. The light levels were controlled by two variable 
autotransformers  and a f i lament   t ransformer  used  for   coarse  
and  fine  control of lamp  current   and  an  accurate  A.  C. 
current  meter ,  Figure 3.7.3-1.  
3.7.4  Since  the  experimental   program  was  scheduled  to  run  continuously 
for a minimum  period of three  months,  an  emergency  shut-off 
system  was  required  during  failure of an  irradiating  lamp. 
The  emergency  shut-off  was  obtained by controlling  power 
to  the  orbit   t imer  through a current  sensing  transformer.  
(Figure 3.7.4-1).  When the lamps are actuated and operating, 
the  relay  switch  maintains  power on  the  orbit  timer; i f  a 
lamp  fails ,   current  stops  f lowing  and  the  orbit   t imer is 
automatically  stopped. A total   hour  meter  in  parallel   with 
the  orbit   t imer  was  used  to  record  the  t ime of failure  and 
total  exposure time. The lamp L3 acts  as a simulated load 
to  energize  the  emergency  shut-off  system  when  the  moon 
albedo L is turned off. 2 
SECTION  4.0 
MULTIPLIER  PHOTOTUBE 
The  phototube  used  in  the  evaluation  consisted of a model  541, 
type N manufactured by EMR, Princeton, New Jersey.  In  
summary,  the EMR  model  541N  phototube  had  an  end-on- 
window with a one inch diameter photocathode. The window 
mater ia l   was  7056 glass  and  the  phototube  was  spectrally 
sensit ive from approximately 250 to  700 nanometers. The 
phototube  was  fabricated  with  beryllium  copper  dynodes 
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FIGURE 3.7.4-1 AUTOMATIC  EMERGENCY  SHUT-OFF  DURING 
FAILURE  OF  ILLUMINATING LAMPS 
preconditioned by a period of operational  burn-in. A total 
of four  phototubes  were  purchased  to  the  following  speci- 
fication: 
Model:  EMR  541  N-01-14-03900  multiplier  phototube. 
Number and type of Dynodes: 14, Venetian blind, 
be ryllium c oppe r. 
Window Material: 7056 glass.  
Cathode sensitive area: one inch diameter. 
0 
Quantum efficiency at 4100 A :  18 percent minimum. 
Voltage required for gain of 10 : 3400 volts maximum after 6 
burn-in. 
6 - 10 Dark  cur ren t  at gain of 10 : 1 x 10 amperes  maximum 
after  burn  in.  
6 
Burn-in: 100 f 2 hours at a gain of 10 and an anode current 
-6 of 5 x 10 amperes .  
Packaging: Fiberglass housing, 1-3/8 inches O.D. by 
4-1/4  inches  long. 
Shock Capability: 100 g for an 11 millisecond duration. 
Vibration: 30 g at 20 t o  3000 cycles per second. 
Temperature:  15OoC to -55OC. 
Lead  Length:  18  inches  minimum. 
Following leads to be brought out: Cathode, Anode, and Dynodes 
number 1, 12, 13 and 14. 
NOTE: Calibration curves, spectral data, and all performance 
data  (including  burn-in)  to  be  supplied  with  delivered 
phototubes . 
Each of the  four  phototubes  satisfactorily  met  the  preceding 
specifications as shown in Figure 4.0-1. The usual change 
in   propert ies   af ter  a burn-in  period  was  obtained  on all 
phototubes  with  the  least  change  noted  for  phototube No. 11762. 
Phototube No. 11762 appeared to be highly stable and was 
capable of a 106 gain at the  lowest  voltage. 
Prior  to  testing,  the  phototubes  were  selected at random  for 
their respective  location  in  the test a r ray .  
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TEST RESULTS 
Specification Phototube  Identification 7Test Period Measurement B I C D’ I t 
# ll762 1 # 11647 # 11664 
5.0 x 10-l1 
amperes 
1.7 x 10-l1 
amperes 
1.6 x 
amperes 
5.1 x 
amperes 
Before 
Burn-in 
Dark Current 
1.4 x 10 
- 11 1 x 10-l0 
2.8 x 10-l’ 
ampe  re s 
amperes max. 
10 6 gain 
2.8 x 10-1 
ampe  res 
2820 volts 
3290  volts 
23.570 
20.370 
4.3 x 10 
ampe  res 
- 11 
2485 volts 
2580 volts 
20.670 
20.6% 
After 
Burn-in ampe  res 
I 
2565 volts 
Before 
Burn-in 
After 
Burn-in 
2925 volts 
3400 volts 
Voltage Gain 
max. I 3400 Volts 3115 volts 
106 gain 
Before 
Burn-in 21.570 Quantum 
Efficiency 
1870 Minipum 
4100 A 21.5% 
After 
Burn-in 
i 
I 
18.770 
FIGURE 4.0-1 INITIAL PHOTOTUBE PROPERTIES 
SECTION 5.0 
TEST  SCHEDULE 
The  schedule of irradiating  each  phototube  was  conducted  continuously 
over a seven  month  period of real  time  events.  Each  tube  received 
its particular schedule of. events (Figure 5.0-1) at the same time that 
the 0the.r three phototubes received theirs. Therefore, the entire 
program of exposing  four  phototubes  to  various  fluxes of i r radiat ion 
was accomplished i n  slightly more than seven months. Each parameter 
of i r radiat ion as shown  in  Figure  5.0-2  was  controlled  independent of 
the  other  parameters  which  resulted  in  an  orientation  that   was  typical 
of spacecraft  conditions. 
5.1  TEST  SPECIFICATIONS 
A t  the  conclusion of an  analysis of spacecraft   orbit   environment,  
the  following  test  specifications  were  established  to  test  the  four 
phototubes  and  approved by  the  technical  monitor. 
5 .1 .1  
5.1.2 
5.1.3 
P r e s s u r e  
A low pressure  vacuum  environment  was  maintained  continually 
throughout the periods of exposure and measurement. The test 
chamber  will   remain  closed  unti l   the  conclusion of the  test 
program. A pressure  below 1 x torr   wi l l  be maintained. 
Temperature  
The  phototubes w i l l  be tested at room  temperature  ( 2 2  C). 
Temperature  of the  phototubes w i l l  not  be  controlled  during  the 
tes t   program  but   wil l  be allowed  to  stabilize  at  the  ambient  level. 
Illuminating  Fluxes 
Illumination of the  phototubes w i l l  be accomplished  to  simulate 
the following: 
0 
a. Solar  Radiation (S) 
b. Earth  Albedo of the  Sun  (Es) 
c.  Direct  Lunar  Viewing (M) 
d. Sunshield  Attenuation of Lunar  Viewing ( M  ) 
e. Earth Albedo of Lunar Illumination (E ) 
a 
m 
PHOTOTUBE - SERIAL ." NUMBER IRRADIATION 
~~ 
A Electrons and protons 11644 
~ 
B 11762 
Electrons, protons, 
. .  solar, and Earth Albedo 
~~~ ~ 
~. . . 
Electrons, protons, 
and Lunar irradiances 
C solar, Earth Albedo, 11647 
.. "" 
D Solar and Earth  Albedo 11664 
00 
0 
FIGURE 5.0-1  SCHEDULE O F  IRRADIATION ON THE PHOTOTUBES 
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FIGURE 5.0-2 SCHEDULE O F  IRRADIATING FLUXES 
- 
5.1.3. 1 Flux Levels 
Flux  levels as measured at the  phototube  face  will 
be as follows: 
s t E : 1.57 x ~ / ~ n i  2 
S 
M : 1.8 x W/cm 2 
M : 6.75 x 10 W / c m  
2 
-10 -. 2 
a 
m 
E : 5 x 1 0 - l ~  W/cm 
5.1.3.2  Flux  Source  and  Measurement 
Illuminating  fluxes will be simulated  with  tungsten 
filament,  quartz  lamps  arranged  with  water  filters 
and  neutral  density  attenuators. 
5. 1.3.3 Duty  Cycles 
Illumination of the  phototubes  will  be  controlled by 
mechanical  choppers  operating at a constant  speed of 
three rpm. Optical alignment w i l l  be arranged so  
that  the  earth  and  moon  albedos  are  phased 180° apart .  
The  following  periods of O N  and O F F  duties w i l l  be 
used: 
Earth  Albedo of the sun (E ) 8.7 seconds O N  
11.3 seconds O F F  S 
Earth  Albedo of the  Moon (E ) 8.7  seconds O N  
m 
11.3 seconds O F F  
Moon  Albedo of the  sun ( M )  
Direct Viewing 1.1 seconds ON 
18.9 seconds O F F  
Sunshield  Attenuated  (M ) 2.8  seconds ON 
a 17.2 seconds O F F  
5. 1.3.4  Orbit  Simulation 
The 90 minute  spacecraft  orbit  period  will be simulated 
by controlling  power  to  the  illuminating  lamps at duty 
cycles of 54 minutes and 36 minutes. The lamps have 
a rise time to  stable  total  power  in  less  than 30 
seconds, s o  therefore, no compensation in duty cycles 
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will be used. When the S + E lamp is "ON", the 
M, Ma, Em lamp will be "OFF" and vice-versa. 
s 
5. 1'. 3.5 Phototube Power' 
Illuminating  flux  levels on  the  phototubes are 
sufficient, in some cases, to be beyond the photo- 
tube capability. Therefore, electrical power to 
the  phototubes  will  be  supplied at the following 
pe  riods only: 
S + E  : 54  minutes  OFF  and 36 minutes 
S ON and  phased so  that  when 
power is on the phototubes, the 
illuminating  flux is OFF  and 
vice-versa.  
M and M : Power is OFF  during  these a 
illuminating  periods . 
E 
m : Power is ON during this period of illumination 
5.1.3.6 Time Periods for Lunar Illumination 
The  period of illumination  for  lunar  fluxes  will  be 
arranged  for  compatibility  with  the 28  day  period 
of lunar  phases. A total  period of illumination  for 
205 hours  and 20 minutes  out of each 672 hours 
(28  days) will be accomplished  in  accordance  with 
the following schedule: 
1. E : 18  hours  40 minutes M 12.5  orbits 
2. M : 37 hours 20 minutes M 25 orbits 
3. M : 37 hours 20 minutes M 25 orbits 
4. M : 46 hours 40  minutes  31  orbits 
5. E : 65 hours 20 minutes w 43.5 orbits 
6. Dark  : 466 hours  40  minutes 311 orbits 
m 
a 
a 
m 
Total : 448  orbits 
7. : Repeat  steps 1 through 6 
5.1.4  Proton-Electron  Fluxes 
Irradiation of the  phototubes  with  protons  and  electrons will 
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I 
be  accomplished  with a low  energy  Van de Graaff  accel- 
erator .   The  program of exposure will be arranged so  
that  the  phototubes  are  irradiated  with  protons (H') f o r  a 
one  week  period  and  then  with  electrons (e-) fo r  a one week 
period. The irradiation schedule will be continuous through- 
out the test period.  During  the first two weeks of exposure, 
the  proton  and  electron  particles  will   be  accelerated at an  
energy  level of 20 KeV. During the remainder of the  test  
program,  an  energy  level  of 35 KeV will  be  utilized 
(Figure 5. 1.4-1). The flux rates will be: 
7 2 Protons: 4 x 10 par t ic les /cm - day 
Electrons: l o l o  par t ic les /cm - day 2 
5. 1.5 Phototube Exposure 
The  four  phototubes  will be a r ranged  s o  that  each one has a 
different  history of irradiation  as  follows: 
Phototube A: Protons/Electrons 
Phototube B : Protons/Electrons 
S + E  
Phototube C: S + E  
S 
S 
M 
M 
E 
ProtonS/Electrons 
a 
m 
Phototube D: S + E  
S 
5.1.6  Test   Measurements 
Measurements of phototube  characterist ics  will   be  made  peri-  
odically  throughout  the  test  period  and  consist of the  following: 
1. Spectral Quantum Efficiency 
2. Gain - Voltage Characteristics 
3. Gain  per  Dynode Stage 
Measurements  periods will be  selected  to  be  compatible  with 
the  ra tes  of degradation experienced by the phototubes. All 
measurements  will  be  made  in  situ  and  individually  on  each 
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phototube. During the period of measurement,  all 
irradiating  fluxes  will  be  stopped. 
5.1.6.1  Spectral  Quantum  Efficiency 
Measurements  will  be  made at 12 specific 
wavelength  points  between 310 and  694  nanometers. 
5. 1.6.2 Gain-Voltage Characteristics 
Gain-Voltage  properties of each  phototube  will be 
obtained  from 1600 to  3200 volts  during  illumination 
by a tungsten  lamp. 
5. 1.6.3  Gain  per Dynode Stage 
Measurements  will be made  to  establish  the  values 
i n  gain  between: 
a. Anode and 14th dynode 
b. 14th dynode and 13th dynode 
5.1.6.4 Time 
A running  time  meter  and  orbit  counter will be used 
to   re la te  all measurements  and  testing  periods. 
SECTION 6.0 
TEST RES’ULTS 
Test  data  obtained on each  phototube  during a seven  month  period of 
exposure to spatial radiations are presented in the appendices, sections 
9. 3 and 9.4. As with most studies that generate a voluminous quantity 
of data,  the  results  can  be  summarized  in a variety of ways,  usually 
dependent upon the desires of the investigator. The following dis- 
cussion of the  tes t   resul ts   i s   an  a t tempt   to   present   and  summarize  the 
findings based on the data obtained during testing. In summary, 
changes  noted are not of significant  magnitude. 
6 .1  D A R K   C U R R E N T  
The  values of dark  current  appeared  to  remain  stable  through- 
out the period of testing  for all the  phototubes  except No. 11647 
which was exposed to lunar illumination. The effect of illum- 
inating a phototube  with a high  light  level  can  be  seen  in 
Figure 6. 1- 1.  Prior  to  lunar  illumination  the  phototube  dark 
current  remains  somewhat  stable at a minimum  value  but  then 
increases  during  the  period of simulated  lunar  viewing  (dark 
current   measured  af ter  a dark  adaption  period of four  hours). 
a3 

The  dark  current  remains at this  increased  value'  through- 
out the lunar  period  but  then  decreases  when  the  phototube 
is cycled  back  into a dark  lunar  phase.  (Adequate  data  was 
not  taken  to  accurately  detail  the  dark  current  decay  function). 
During  the  dark  lunar  period,  the  phototube  recovers its 
initial fully dark adapted value. The other three phototubes 
appear   to   be  unaffected  in   dark  current   propert ies   and 
indicated very little change. The slight fluctuations in data 
are  due  to  measurement  capabili ty  and  changes  in  the  period 
of time  that  the  phototubes  were  allowed  to  recover  prior  to 
measuring. 
6.2  SPECTRAL  RESPONSE 
Data of spectral   response  and  quantum  efficiency  are  summar- 
ized  in  Figures  6.2-1  through  6.2-12. 
Phototube No. 11644  which  was  irradiated by charged  par t ic les  
(electrons  and  protons)  only,  exhibits  an  increase  in  spectral 
response at  3990 A (Figure 6.2-1).  This increase occurred 
rapidly  within  the  initial  1000  hours of exposure  and  then 
remained  somewhat  constant  for  the  remaining  period of 
exposure as shown in Figure 6.2-5. The slight decrease in 
spectral   response at 5000 A ( Figure  6.2-1) is not  significant  and 
values of quantum  efficiency  remain  essentially  unchanged 
throughout  the  entire  test  period. 
Phototube Nos.  11762 and 11647 both  show  an  overall  decrease  in 
spectral   response  (Figures  6.2-2  and  6.2-3)  and  quantum 
efficiency (Figures 6.2-6, 7,  10 and 11). The decrease in 
properties  occurred  during  the  initial  1500  hours of exposure 
and then stabilized at the lower values. The effect of combined 
i r radiat ion  for   each of these two  tubes  appears  to  be of the  same 
order  of magnitude  indicating  that  illumination  plus  charged 
par t ic les  is more  degrading  than  either one alone. 
Phototube No. 11664 which was i r radiated  with  s imulated  Earth 
albedo  and  stray  sunlight  only,  appeared  to  benefit  from  the 
exposure.  An overall  increase in spectral  response (Figure 6.2-4) 
and  enhancement of quantum  efficiency  (Figures  6.2-8  and 6.2-12) 
were  in  the  range of significant  measurements.  
0 
0 
6.3 ANODE VOLTAGE AT FIXED GAIN 
6 Data of anode voltage at 10 gain  are   summarized  in   Figures  
6.3-1  through  6.3-4. 
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Phototube  nos. 11644 and 11664 show essentially  no  ch.=ge ia 
gain  throughout  the en t ix   t e s t   Fe r iod  { F i g ~ ~ z s  6.3-1 alii 
6 .  3-4). The small increa.sz during the initial 500 23.otIrs 0.' 
exposure  returned  quickly to the  pre-exposure valt:-s: 
Phototube No. 11762 appears to have  suffered 2 miczr  i?-creas= 
in voltage required for a gain of 16' (Figure 6. 3-2); T ~ s  
increase ir, voltage wou!C: izdicate a r,(;derate  effec; f zom 
combined i r  raJiatiux. 
Phototube No. 1164-7 has  suffered a sutstailtial  amount oi 
degradation in gain (Figure 6.3-3). The increase in voltage 
which p o r t ~ a y s  6 i ;eLrease  in pholcotube gain  capabiiity 
occurred  mainly  in  the  Initial 500 hours of exposure  and  then 
appeared to stabilize for the remaining test period. The primary 
cause of phototube  degradation is the  high  level of illumination 
which  results  in a high  anode  current  during  simulated  lunar 
viewing. Had the phototube been pre-conditioned at this anode 
current,  this  effect  would  have  been  minimized. 
6.4 DYNODE STAGES 
Measurements of gain  between  dynode  stages  were  made  to 
assist   the  manufacturer  in  assessing  the  stabil i ty of mater ia ls  
used in fabricating the dynodes. But since the test program 
was  arranged t o  concentrate on measuring  overall  phototube 
properties  and  additional  information  obtained  only  where 
possible  without  extra  cost  and  complexity, a complete  analysis 
of these  data  was  not  accomplished. 
During  the  test  program  the  anode  voltage w a s  changed  at  each 
measurement  to  maintain  the  anode  current  constant  at 2 x 10 
amps. This adjustment in voltage was required to maintain a 
constant  gain of l o 6  in  the  phototube  and  also  resulted  in 
maintaining the gain constant in the dynode stages, similarly 
for  l o 4  and 10 gains. 
-6 
5 
6.5 CHARGED PARTICLES 
Initial  exposure  to  charged  particles  was  conducted  at 20KeV 
electrons and protons. When the energy level was increased to 
35KeV for  the  remaining  test  period,  there w a s  no significant 
change. The cycling of electrons and protons throughout the 
test  period  did  not  reveal  any  corresponding  changes  in 
phototube  properties. 
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6.6 ILLUMINATION EFFECTS 
There  is a definite  increase  in  degradation  when  the  photo- 
tube  is  exposed  to a high level of illumination. Exposure to 
simulated  lunar  viewing  produced a degradation  that  appears 
t o  be quasi-permanent. The change in dark current which 
occurred  during  lunar  illumination  appears  to  recover  when 
the  phototube is  allowed  to  rest  in  the  dark. 
6.7 VISUAL  OBSERVATIONS 
Inspection of the  phototubes  after  removal  from  the  test 
apparatus  revealed  no  change  in  their  physical  appearance. 
SECTION 7.0 
CONCLUSIONS 
7 . 1  ELECTRICAL ANALYSIS O F  PHOTOTUBE BIASING TECHNIQUES 
During operation of the multiplier phototube, the positive side of 
the  high  voltage  power  supply  was  grounded  in  order  to  maintain 
a low  static  voltage  level  with  respect  to  ground  and  to  minimize 
power supply fluctuations at the phototube output. It w a s  important 
that  the  supply  voltage  be  regulated  precisely  to  prevent  variations 
in  output  from  fluctuations  in  the  power  supply. A Fluke  variable 
high  voltage  power  supply  with  regulation of f . O O l %  and 
maximum  ripple of one m V  rms was  used  for  measurements of 
phototube  properties. 
For  economic  reasons,   voltage  divider  resistors  were  used  for 
the  dynode  supply  voltages  rather  than  individual  power  supplies. 
These resistors should be of the low noise type. Since the 
phototubes  were  not  to be operated  under  pulse  conditions,  no 
capacitors were used with the voltage divider resisters.  By 
eliminating  capacitors  in  the  network,  variations  in  the  dynode 
bias  voltages  due  to  leakage  currents  in a capacitor  were 
prevented. 
7 .2  PHOTOTUBE  UTILIZATION 
The  successful  usage of phototubes  appears  to  be  greatly  dependent 
upon  the  level of illumination  focused  on  the  photocathode; 
whereas,  exposure  to  charged  particles  in  the  energy  range of 
35 KeV did not seem to influence their behavior. When both of 
these radiation sources were combinedsimultaneously, there 
appeared  to  be  an  enhancement  in  degradation of e lectr ical  
properties.  These changes in properties occurred during the 
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initial two months of operation  and  then  stabilized at the  new 
value for the remainder of time. If an  investigator  was 
interested  in  long  term  performance,  the  phototube  should  be 
preconditioned at levels  equivalent  to  expected  operational 
levels. After such preconditioning he could be confident of 
achieving a successful  mission. 
SECTION  8.0 
RECOMMENDATIONS F O R  FUTURE STUDY 
8.1   SELF LIMITING  PROPERTIES O F  PHOTOTUBE 
The EMR 541 N multiplier  phototube  and  resistor  network 
exhibits a capability of limiting  the  anode  current  relative  to 
input power and cathode illumination. Limiting level appears 
to  be  dependent  upon  resistors  selected  for  the  dynode  stages. 
A limiting  phototube  assembly is desirable  to  permit  operation 
over a wide  range of illumination  and  to  decrease  the  complexity 
of operating power supplies. It is proposed  that   this  character-  
is t ic  of multiplier  phototubes  assembly  be  evaluated  to  define 
ranges of operation  and  degree of l inearity.  
There are four  possible  sources of saturation  in a multiplier 
phototube.  These  are: 
1. ) saturation of the photosensitive cathode 
2.)  saturation of the secondary emissive surfaces 
3. ) saturation  attr ibuted  to  "space-charge"  effects  between 
4. ) resis tor  s t r ing effect  
electrodes  ( theoretical   consideration) 
In general, of the four possible saturation sources, saturation 
attributable  to  space-charge  limitations  takes  place  theoretically 
before  the  other  effects  become  pronounced. 
Because of the  construction of the  secondary  emissive  surfaces 
and  the  maximum  allowable  potentials  between  electrodes, 
space-charge  l imitation  occurs  before  the  secondary  emissive 
surfaces become saturated. Also, unless an extremely large 
radiative  flux is concentrated on a very  small   photocathode  area,  
saturation of the  photosensitive  cathode is not  likely  to  occur 
before space-charge limitation occurs. The output current at 
which  saturation  (as a resul t  of space-charge)  occurs is given 
by  the 3 / 2  power  law: 
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where I = Output  (anode)  current at which 
o( s) saturation  occurs 
K2 = Constant of proporti nality, amperes   per   (Volt)  3?2 
E = Overall  cathode-to-anode  voltage,  Volts 
In  i tem (4) on the  previous  page,  the  effect of a resis tor   s t r ing 
in  the  phototube  should  be  evaluated  for  practical  applications. 
Consideration of equal  and  unequal  resistor  values  in  the 
resistor  string  and  their  effect  upon  phototube  characteristics 
should be studied  to  select  those  resistors  which  produce 
optimum  performance of the  ov rall  phototube. . 
8 . 2  PHOTOTUBE  OPERATION  AT HIGH LEVELS O F  ILLUMINATION 
In  many  instances of using  multiplier  phototubes  for  measurements 
from  orbiting  spacecraft, it is desirable that the phototube with- 
stand exposure to a high level of illumination. Levels of illumi- 
nation  that  go  beyond  the  normal  operation of a phototube  will 
precipitate new problems for adequate uti l ization. Some areas 
which w i l l  require  further  definition  include  the  following: 
Stability of dark  current   propert ies .  
Abili ty  to  recover  properties  after  exposure.  
Min. -Max. l imits of acceptable operation. 
8 . 3  HIGH ENERGY RADIATION EFFECTS 
Space  radiation  effects  observed for electronic components due 
to  absorption of energy  from  the  radiation  causes  either 
ionization of the  target  atoms  or  displacement of those  atoms. 
The  ionization  effects  are  generally  considered  to be temporary 
within a relat ively  short   t ime  af ter   i r radiat ion  ceases .   Perma- 
nent  effects are associated  with  atomic  displacements,  which 
result   in  disordering of crystal  lattices  in  the  component 
materials.  Electron,  proton,  and  bremsstrahlung  radiation 
constitute  the  three  types of radiation  that  are of pr imary  concern 
for space electronic applications. The protons and high energy 
electrons  cause  significant  numbers of atomic  displacements. 
The  impingement of high  electrons  and  protons on spacecraft  
mater ia l s  is the  source of bremsstrahlung  radiation  which 
produces  primary  ionization  effects. 
105 
The  charged  particles  consisting of electron  and  proton  belts 
around  the  Earth  are  especially  degrading  to  electronic  type 
equipment. Like many electronic devices, the operating 
charac te r i s t ics  of a multiplier  phototube  are  dependent  upon 
the indigenous environment. Measurements of the operating 
charac te r i s t ics  of multiplier  phototubes  during  exposure  to 
high  energy  charged  particle  irradiation  above one MeV a r e  
required  to  further  define  their   stabil i ty.  
8.4 WRAP AROUND POWER  SUPPLY 
The  use of a power  supply  integral  with  the  multiplier  phototube 
introduces  another  consideration  in  the  stability of a detector 
system. The wrap around type power supply will be susceptible 
to  spatial   irradiations  and  suffer  degradation  in its charac te r i s t ics  
like most electronic components. The net changes that might 
occur  in a phototube - power  supply  combination  needs  further 
evaluation. 
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SECTION 9.0  
APPENDICES 
Appendices  presented i n  this  section  were  derived  during  the  period of 
analysis and testing of four multiple phototubes. Mathematical derivations 
of two primary  constants  used i n  calculating  phototube  properties  are 
presented  in  sections 9. 1 and  9.2  Data  obtained  during  each  period of 
evaluation are summarized i n  tabular  form i n  sections  9.3  and  9.4. 
The  time  scale  reference on the data sheets is in orbits and can be 
converted to real  t ime by a factor of 1.5, i.e.,  1 orbit equals 1.5 hours. 
9.1 DERIVATION O F  CATHODE RADIANT SENSITIVITY (Ok) 
0 = Total  Cathode  Current k = A  
Total  Incident  Power of Photon B 
-
A = Number of electrons created per unit time 
(Ne/sec) t imes charge of one electron 
( 1.6021 X coulomb) 
B = Number of photons incident per unit time 
(Nph/sec) times energy of each photon (E = hu) x 
EA 
h = 6.625 x 10 Joule-sec 
c = 3 x l o l o  c m / s e c  
x = x ( A ) x  10 c m  
= hv = h.c 
T 
- 34 
0 -8  
therefore: 
E x =  x 1*90&75 x 1 0 - l ~  Watt-sec 
(A ) 
(Joule = Watt-sec) 
Ne+. X(A) x 1.6021 x 10 (coul /sec)  
0 - 19 
Q =-..x 
k Nph 
1.9875 x 10 
-15 W a t t  
(coul/sec = Amp) 
However,  Q.E. (70) = x 100 
NPh - 
0 
Therefore: 0 = X(A) x Q.E. (70) x 8.0658 x 10 (s ) -7 Amp k 
F o r  white  light: 
0 is an averaged value for the entire Q. E. spectrum. k 
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9.2 ANODE CURRENT EQUATION 
Ia = U a x p x A  
p = incident power at the photocathode ( w / c m  ) 
A = photocathode area (cm ) 
2 
2 
U = anode radiant sensitivity (Amp/W) 
a 
= U x G  k 
G = Gain 
(5 = cathode radiant sensitivity (see Appendix 9. 1)  
k 
I a = p x G x U   x A  k 
F o r  the type 541N phototube 
6 
G = 10 
2 A = 5 c m  
0 = 3. 2 x 10 Amp/W  for  white  light 
Ia = p x 10 x 3 . 2  x 10 x 5  
- 2  
k 
6 - 2  
= p (W/cm ) x 1.6 x 10 Amp 2 5 
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ORBIT Z e r o  
11644 I 11 762 I 11647 I 11664 
(X ) 
(moarw, 
OK QE QE O K  
(ma/w)  
18.6 60 20.4 65.5  22.1 71  22.6 72.7 3990 
17.4 49 18.1 5 1  20.7  58.2  20.7 58.2 3490 
( 9 5  tm"aEi.w) $73 (ma/w)  ( Yo 1 (YO) 
4540 54.5 14.9 45.5 12.4 47.5 
0.0072 0.04 0.027 0. 15 0.046 0.25 0.063 0.35 6940 
0.176 0.9 0.46 2.36 0.53  2.74 0.77 4.0 6440 
0.4 29.0 0.87 4.37 0.87 4. 36  1.3  6.5 6220 
1.02 4.92 1.63 7.82  1.59 7.64 2. 27 10.9 5970 
3.04 13.5 4.05 18 3.7 16.4 5.1  22.7 5520 
4.72 20 5.8 24.5 5.14  21.8 6.9 29. 1 5260 
25.5 7.5 30 6.77  27.4 8.6 34. 6 5000 
9.1 34.6 . 10.5 40 10.1 38.2  12.0  45.5 4720 
12.4 45.4 13.0 
- 
~~~ ~~~~ 
6.33 
FIGURE 9.3-1 MEASUREMENTS OF QUANTUM EFFICIENCY 
ORBIT 1 
1 I I I 
FIGURE 9 . 3 - 2  MEASUREMENTS OF QUANTUM EFFICIENCY 
ORBIT 5 
I 11644 I 11 762 11647  11664 
1 4540 1 52.7 [ 1 4 . 4  1 45.5 1 1 2 . 4  1 46.4 1 12.7 1 45 1 12.3 
1 4720 I 43.6 I 11.5 I 38.2 I 10.1  I 38.2 I 10.05 I 34 I 8.9 
~~~ ~ ~ ~ ~ 
5000 
0.0072  0.04  0.02  0.109 0.046 0. 25 0.063  0.35 6 940 
0.172 0.89 0.39 2.0 0.48 2.5 0.7 3.6 644 0 
0.38 1.9 0.87  4.37 0. 84  4.2 1.3 6.5 6220 
0.94 4.5 1.66 8.0 1.59 7. 64 2.19 10.5  5970 
2.95 13.1 3.93 17.4 3. 65 16.2  5.1  22.7 5520 
4.72 20 5.6 23. 7 5.14 21.8 6.9 29. 1 5260 
6.2 25 7.22 29. 1 6.55 26. 4 9.0 36 .4  
FIGURE 9.3-3 MEASUREMENTS OF QUANTUM EFFICIENCY 
ORBIT 10 
x 11664 11647 11  762 11644 
(2) 
(m"aIfw) 
QE OK QE QE O K  
(ma /w)  
17. 2 48.2 14. 2 40 20 .0   56 .3  20. 7 58.2 3490 
(95 ( 7 0  1 I Cm"aK7W) (ma/w)  ( 7 0  ) ( 7 0 )  
3990 18. 1 58.3 19. 8 63.6 21.5 69. 1 22 .1  71 
4540 
6.33 25.5 7.22  29.1 6.55  26.4 9 . 0  36.4 5000 
9.1 34.6 10.05 38. 2 1 0 . 1  38.2  12.4 47 .3  4720 
11.9 43.6 1 2 . 4  45 .5  12.2  44.6 14.9 54.5 
526 0 
4 .63 I 1 19.6 5.15 21.8 4. 94  20.9 6 .5   27 .4  
5520 21. 8 
6440 I 3.5 1 0.67  1 2.64 I 0.51 ! 2.18 I 0 .42  I 0 .87 I 0.168 
0.36 1 . 8 2  0.84 4.2 0.85  4.27 1 .22  6 . 2  6220 
1 . 0 4  5.0 1.63 7.82 1 . 5  7.27  2.23 10.7 5970 
3.06 13.6 3.87 17.2  3 .7  16 .4  4.9 
"
I 6940 I 0.31 I 0.56 1 0.24  1 0.043 I 0.133 1 0.024 1 0.036 1 0.0065 1, I 
FIGURE 9.3-4 MEASUREMENTS OF QUANTUM EFFICIENCY 
p 
ORBIT 20 
11644 11 762 11647 
i~ 
11664 il 
1 4540 1 52.7 j 14.4 1 44.6 ~ 12.2 1 46.4 1 12.7 I 45 1 12.3 1 
I 4720 I 46.4 I 12.2 I 38.2 1 10.1 1 40 1 10.5 I 35 I 9.2 I 
m y . 4  -[ 8.8 1 27.4 1 6.77 1 27.3 1 6.77 1 25 1 6.2 1 ~~ 
I 5260 I 26.4 1 6.24 I 21.8 1 5.14 I 20 I 4.70 I 20 I 4.72 I 
5520 20.9 
6940 
0.176 0.9 0.39 2.0 0.53 2.74 0.68  3.54  64 0 
0.38 1.9 0.8 4.0 0.84 4.2  1.28 6.4  6220 
1.04 5.0 1.53  7.63 1.55 7.47  2.23 10.7 5970 
3.01 13.4 4.05 18 3.7 16.4 4. 7 
0.33 I 0.24 0.043  0.142 0.025 0.04 0.0072 
~ 
o * 0 5 9  I - 
FIGURE 9.3-5 MEASUREMENTS OF QUANTUM EFFICIENCY 
ORBIT 30 
x 11664 11647 11 762 11644 
(2 1 (95 ( 2 3 W )  ( % ) ( m a / w )  ( 70 ) ( 7 0 )  ( m a / w )  (ZaVw QE uK QE QE D K  
3490 16.2 45.5 14.9 41.8 20.0 56.3 20.7 58.2 
3990 18.6 60 20 .4   65 .5  21.5 69. 1 22 .6  72. 7 
4540 
I 4720 I 44.5 I 11.7 I 3 6 . 4  I 9.6 I 42.0 I 11.0 I 34.6 I 9.1 
11.9 43.6 12.4  45.5 11.9 43.6 14. 9 54.5 
FIGURE 9.3-6 MEASUREMENTS OF QUANTUM EFFICIENCY 
ORBIT 57 
1 1 I I I I  
I 11644 I 11 762 I 11647 I 11664 i 
3490 
5.85  23.6 7.22 29.1 6.55 26.4 8.1 32.7 5000 
' 8.6 32.7  10.05  38.2 9 .6  36 .4  12 .0  45.5 4720 
42.7 1 11.7 12.7 46 .4  11.9 43.6 14. 1 51.8 4540 
58.3 19.8 63.6  21.2 68. 1 21.5 69.1 3990 43.6 1 :::: 13. 1 36. 7 19.4 54.5 19.4  54.5 
CI 4.25 18.0  5.6 23. 7 4.72  20.0 6.5 27.4 5260 
CI 
Ln b 
i 
5520 
0.006 0.033  0.026 0.145 0.046  0.25 0.056  0.31 6940 
0.176 0.9 0.42 2.18 0.47  2.45  0.63 3.27 6440 
0.4 2.0  0.8 4.0 0.8 4.0 1 .24  6.2 6220 
0.91 4.37 1.66 8.0 1.48 7.1 2.12  10.2 5970 
2.88  12.8 4.1 18.2 3.65  16.2 4.7 20.9 
FIGURE 9.3-7 MEASUREMENTS OF QUANTUM EFFICIENCY 
ORBIT  73  
x 11664 11647 11 762 11644 
(2) QE OK QE QE O K  
(mOarw) (ma/w) (70) 
17.8 57 .3  20.2  64.6 21 .5  69.1 22 .1  71 3990 
14.2 40 13.1 36.7 20.0  56.3  20.0 56 .3  3490 
c c b r 5  c:3w 1 ( % 1 ( m a / w )  ( 7 0  ) 
4540 52.7  14.4 44.6 1 2 . 2  47.5 
0.42 2.09 0.84  4 .2  0.82 4. 1 1.28 6 . 4  6220 
0. 87 4.2 1.62 7.8  1 .55 7.47 2.08 10.0 5970 
2.8  12.4 4.  05 18.0  3 .7   16.4 4.9 21.8 5520 
4.4 18.6 5.8 24.5 4.94 20.9 6 . 5  27.4 5260 
6.1 24.5 7 . 5  30  6 .3  2 5 . 4  8 . 3  33.6 5000 
9.1 34.6 1 0 . 3  39 9.8 37 .3  12.0  45.5  4720 
11.5 42.0 13.0 
CL 
Q) 
CL 
6440 0.193 1 .0  0 .42  2. 18 0.51  2 .64 0.67  3 .5  
6 940 0.0068 0.038 0.027 0.153 0.047 0.26 0.059 0.33 
FIGURE 9.3-8 MEASUREMENTS OF QUANTUM EFFICIENCY 
ORBIT 114 
11644 1 1  762 
I 
11647 11664 
1 3490 I 56.3 ~ 19.4 1 2 0 . 0  ~ 54.5 / 43.6 1 15.5 42.7 1 15.2 1 9  72.  7 1 22.6 I1 71 1 22.1 11 65.5 11 20.4 ~ 58.3 8 1 I - 
, 
4540 43.6 12.7 46.4 i 12.4 ! 14.4 1 45.5 52. 7 11.9 1 
i 
5000 6.33 I 25.5 7.22 29. 1 6.55 26.4 8.6 34.6 
5260 28.2 6.65 20.9 4.25 18.0 5.6 23. 7 4.94 
w 9.6 I 36.4 10.5 40.0 10.1 I 38.2 12.0 45.5 4720 w 
.4 
I 
5520 
.0065 .036 ,027 .15 .047 .27 .33 I 059 6 940 
. 176 . 9  .42 2.18 .48 2.5 .73 3.8 6440 
.42 2.18 .82 4. 1 .84 4.2 1.3 6.5 6220 
.94 4.5 1.53 7.63 1.48 7. 1 2.27 10.9 5970 
2.95 13. 1 4.2 18.6 3.47 15.4 4.9 21.8 
FIGURE 9.3-9 MEASUREMENTS OF QUANTUM EFFICIENCY 
ORBIT 155.5 
11 762  11647  11664 
- _ _  - 
6220  6.5  1.3 4. 36 
6440 4.0 .47  2.5  .48  2.36  .193 
6 940  .35  .063  .27  .047 , 164 .0295  .0075 
FIGURE 9-3-20 MEASUREMENTS OF QUANTUM EFFICIENCY 
ORBIT 168 
I 3490 
11644 11 762 11647 
3990  76.4  23.7  71.0  22.1  65.5  20.4 
~ - ~ ~ 
4540 52. 7 14.4 46.4 12.7 48.2 13.2 
4720 45.5 12.0 38.2 10.0 39 10.3 
5000 32. 7 8.12 27. 3 6.67 30 7.5 
5260 29. 1 6.86 21.8 5.15 24.5 5.8 
5520 21.8 4.9 11.75 2.64 18.2 4.1 
5970 10.9 2.27 7.65 1.59 8.18 1.7 
6220 6.55 1,31 4. 36 0.87 4.37 0.87 
6440 3.81 0.735 2.54 0.49 2.36 0.46 
6940 0.346 0.062 0. 29 0.052 0. 165 0.0296 
)-r 
CI 
W 
11664 ' I  
47.3 I 16.8 I 
58.3 I 18.1 I 
41.8 ~ ~ I 11.4 -1 
36.4 9.6 
27.3 6.77 
20.0 1 4. 72 I 
~~ ~~ ~ ~ 
14.3 3.22 
4.36 9.09 
2.36 0.44 
1.03 0.199 
0.0418 1 0.0075 I 
FIGURE 9.3-11 MEASUREMENTS O F  QUANTUM EFFICIENCY 
ORBIT 193 
x 11664 11647 11  762 11644 
(2 ) QE OK QE QE O K  
(2aYw ( m a / w )  (70) 
18.2 58.5 19.6 63.0 20.9 67. 3 23.2  74.5 3990 
14.9  41.8 16.8  47.2 18.1 51.0 19.4 54.6 3490 
(9.5 c:$W) ( 7 0  ) ( m a / w )  ( 7 0  ) 
4540 
9.7 36.9 10.2 38.5 9.9 37.8 12.0  45.7  4720 
11.8 43.0 12.6 46.0 12.4 45.5 14.7 54.0 
I I I I I I I I 
5000 6.73 27. 1 7.3 29.4 6.55 26.4 8.58  34.6 
5260 
. 47  2.33 .86 4. 30 .82  4.2 1.22 6.1 6220 
1.02 4.9 3.7 17.8 1.55 7.45 2.27 10.9 5970 
3.22 14.3 4.1 18.2  3.76 16. 7 5.09  22.6 5520 
5.3 21.3 5.56 23.6 5. 15 21.8 6.8 28.8 - 
... 6 44 0 .206 1. 07 .434  2.25 .464 2.4 .737  3.82 
6940 .0082 .046 .026  .147 .048 .269 
~ ~- 
FIGURE 9.3-12 MEASUREMENTS OF QUANTUM EFFICIENCY 
ORBIT 218 
' I I 
11644 11 664 11647 11 762 
(*A 1 QE OK QE QE O K  
- 
(ma/n.)  
18.1 58.3  19.5 62.9  21.2 68.1 23.2 74.5 3990 
15.5 43.6  17.4 49 18.8 52.7 19.4 84.5 3490 
? f )  ( w ( Yo ) (ma/\v)  ( 7 0  ) ( m"ar\v ) (70) 
45-40 52.7 14.4 44.6 
9.1 34.6  10.3 39  9.8 37.3 12.0 45.5 4720 
11.7 42.7 12.7 46.4 12.2 
+ 
h3 
"-
CI 6.55 26.4  7.22 29.1 6.4 25.8 8.6 34.6 5000 
526 0 I 4.48  19.0  5.59 24.5  5.14  21.8  6.60  28.0 
5520 22.5 5.08 16.0 3.60 
.0077  .043 .026 .145 ,047 .27 .060  .333 6 940 
.199 1.03 ,434 2.26 .456 2.36 .755 3.9 6440 
.43 2.27 .85  4.29  .84 4.2 1.24 6.2 622 0 
1.00 4.82 1.64 7.9 1.52 7.37 2.27  10.9 5970 
3.13  13.9 4.1 18.2 
- ___" - 
- "" ." 
" -. ._ "
J 
FIGURE 9.3-13 MEASUREMENTS OF QUANTUM EFFICIENCY 
ORBIT 249 
1164-1 1 1  762 11647 11664 
(-A) QE OK QE QE O K  
- 
(ma / \v )  
18.3 58.7 - 
16.8 47.3 
( 95 (:a? w ) ( 7 0  1 (ma I\\.) ( 70 ) ( ,",r\\. , (Yo)  
3490 
10.05 I 34.6 38.2 9.6 36.4 12.2 44.6 4720 
43.6 12.6 46.2 12.2 44.6 14.1 51.8 4540 
19.8 63.6 21.4 68.8 23.6 76.0 3990 
18.1 51.0 20.0 56.1 20.7 88.2 
"" " 9.1 
11.9 - - - . .. . . ." 
I 
5000 25.5 9.0 35.7 6.9 26.1 8.42 34.0 
" 
2 7 7 E 9  
. 21.3 
- 
13.6 4.05 18.0 
4.72 - 20.0 5.37 22.8 5.02 "- 
6.33 
"" , 5269 - 
"-
5520 
1.52 7.37 11.0 5970  
3.73 16.6 22.5 
"" 3.06 ~ " . _ . _ _ _  
.45 
.98 4.7 1.66 8.0 
6 2 2 0  2.26 .85 4.26 .84  4.2 1.28 6.4 
6440 2.45 .77 4.0 .47 .197 1.02 ,442 2.29 
6940 ,047 .27 .34  .611 I .145 .0075 .0418 .026 
FIGURE 9.3-14 MEASUREMENTS OF QUANTUM EFFICIENCY 
ORBIT 292.5 
x 
(-A 1 
11664 11647 11  762 11644 
0 
U K  QE OK UF) QE 
- 
(ma /  n,) 
18.0 57.9 19.4 62.8 21.0  67.6 23.7  76.4 3990 
18.1 51  17.2  48.2 20.1  56.7 21.6 60.7 3490 
( ? f )  (,",K/,, 1 ( 7 0  1 (ma / \ v )  (:a?\\. ( 7 0 )  
4540 49.8  13.6 43.9 
35.4  9.33 1 35.5 1 9.4 I 34 I 8.9 11.3 43.2 4720 
11.5 42.0 12.1 44.5  12.0 
" 
"- ""I 
I 25.8 I 6.4 1 27.3 1 6.77 I 25.5 
1 3970 I 10.8 I 2.25 I 7.3 I 1.51 1 7.46 I 1.55 1 4.71 I .98 I 
6220 6.3 
.0082 ,046 .024 ,137 .048  .266 .059 .331 6 940 
.197  1.02 . 43 2.04 .46 2.38 .71  3.7 6440 
.43 2.22 7.4 3.71 .82 4.1 1.26 
- 
FIGURE 9.3-15 MEASUREMENTS O F  QUANTUM EFFICIENCY 
ORBIT 400 
11641 11  762 116.47 1 166.4 
(-A 1 DE; QE OK QE QE 
0 - 
(ma/ \ \ , )  ( 70 ) (m"aK7w, ( 'lo ) (ma / \ v )  ( 7 0  ) (,"If,. ) (70) QE 
'3490 
18.1 58.2  19.8 63.6 20.9 67.  3 23.7  76.4 3990 
18.8 . 52.  7 17.  3 48.8  19.4 54.5  20.7 58.2 
4540 
4720 
42.1 12.2  44.6 14.1 51.9 
"
43.0 
5.86 23.6  5.86  23.6 8.3 33.6 5000 
8.64 32.8 8.6 32. 7 11.2 
"" - "____ 
27. 3 6.77 __ ___"_ 
5260 21.1 4. 72 20.0 4. 30 18.2 6.5  27.4 ." 5.2 " _" - - 
21.8 3.22 14.3  3.31 14.  7 3.20  14.2  .9 ". 
5970 
" ". 
10.9 .909 4.36  1.25 6.0 1.31 6.28 2.27 
6 2 2 0  .44  2.36 .582 2.91 .672 3. 36 1.31 6.55 
! 
6940 .20  .0358  .0727  ,0130  .0473  .0085 i 
6440 4.0  .77 1.91 .369 1.53  295  1.08 . 207  -
FIGURE 9.3-16 MEASUREMENTS OF QUANTUM EFFICIENCY 
ORBIT  500 
x 
QE % QE QE O K  (-4) 
11664 11647 11  762 11644 
0 
(ma/  w )  (95 (:3w 1 ( 7 0  ) (ma / w )  0 ,",r,v ( % I  
3490 
9.57 36.4 8.63 32.8 8.36 31.8 11.2 42.7 4720 
11.9 - 43.6 10, 7 39.1 10.9 40.0 13.9 51.0 4540 
' 9- 6 1 . 8  18.7 60.0 20.9 67.3 24.9 80.0 3990 
17.6 49.5 16.3 45.8 18.9 53.1 23.1 64.7 
"-
CI 
r 9  
ul 6.77 - 27.3  5.63 22.7 5.86 23.6 '8.12 32.7 5000 
I 5260 
1.13 5.45  1.25 6.0 1.25  6.0 10.7 5970 
5520 
4.98 21.1  4.72 20.0 4.30  18.2 6.45 27,3 "" "- 
21=r:*:2 
13.8 14.9 3.29 14.6 3.13 - 3.35 
6220  ,508 2.54 .62 3.09 .655 3. 27 1.27 6.36 
6440 
.0075 .0555 .012 , 067 .0376  .21 .37 I .0662 6 940 
.247 1.28 .2847 1.47  .369 1.91 .772 4.0 
FIGURE 9.3-17 MEASUREMENTS O F  QUANTUM EFFICIENCY 
ORBIT 603.5 
x 
O K  (-4) 
1 1664 11647  11   762  1 1 6 4 4  
Q E  aK Q E  QE 
0 - 
( m a / \ v )  ( 70) w ( % ) (ma / \ v )  0 ( m",'f\,. ) (70) 
QE 
3490 58.2 22.7 63.6 20. 7 1 8 . 8  52.  7 16.8 47.  3 
3990 19.8 63.6  18.1  58 2  20.4 65.5 24.9 80.0 
4540 52.  7  14.4  40.0  40.0 44.5 10.9 12.2 
4 7 2 0  43.6  11.5  31.8 8.36 
6.77 27.3 5.95 5000 34.6 ,8.59 1 23.6  24.0 
9.87 37.5 
5.45 1.21 5970 10.9 2.27 12.5  5.82 
3.44 15.3 3. 38 5 5 2 0  21.8  14.2 
5.14 21.8  4.51 5 2 6 9  19.1 
1.13 
" 
h3 
+ 
Q, 
l ~ _ _  I- 
I "- 
" .. 
6.56  2.82 
.008 .073  ,012 6 940 ,346  .062 1 . 182  .033  .0655 
.235 1.22 .274 .369  1.42 
.510  2.55  .564 
FIGURE 9.3-18 MEASUREMENTS O F  QUANTUM EFFICIENCY 
ORBIT 616 
I 1 1644 I 11 762 I1 11647 I 11664 I 
3490 
60.9 67.3 1 20.9 24.3 78.1 3990 
61.8  22.0 24.0 ' 67.3 
18.9- 61.9 19.3 
4540 
33.6 8.60 32. 7 11.5 43.6 4720 
12. 7 46. 3 10.9 1 40.0 11.9 43.6 14.9 54.5 
8.85 
5000 34.6 8.58 26.4 6.55 
3. 15 14. 0 4.91 21.8 5 5 2 0  
6.87  29.1 5260 
6.55 26.4 6.30 25.4 
14.4 3. 24 14. 7 3.31 
I 
I 50.9 18.8 52. 7 18.1 
" 
I 
37.3 - 9.82 
- - 
1 5.14 21.8 4. 72  20.0 4.29 
"" 18.2 _" 
5970 5.82  1.29 6.18 11.3 I 2..35 1.21 1.13 5.45 
6220 .546 2.73 .582 2.91 .654 3. 27  1.27 6.36 
6440 
.008 .0455 . 011 .0636 .036 .200 .062 .346 6940 
.239 1.24 .284 1.47 . 369 1.91 .. 773 4.0 
FIGURE 9.3-19 MEASUREMENTS OF QUANTUM EFFICIENCY 
ORBIT 641 
"2 
11644 11664 11647 11 762 
(-4 1 QE OK QE QE O K  
- 
(ma/\ \ , )  CY) ( moaK7 \v ) ( 7 0 )  (ma / \ v )  ( 7 0  ) ( ,",r\,. ) ( 7 0  1 
3490 
19.2 61.8 19.2  61.8 20.4 69.9  24.3 78.2 3990 
19.4  94.5  18.1 90.9  19.4  54.5 20.7 58.2 
I 4 7 2 0  I 53.6 I 14.1 I 34.6 I 9.10 I 34.5 I 9.08 I 38.2 I 10.0 
I -~5000  I 32.7 1 8.12  23.6 I 5.86 1 24.5 I 6.08 I 25.4 I 6.30 
I 5260 I 29.1 1 6.87 1 17.8 I 4.20 I 20.0 I 4.72 I 20.0 1 4.72 I 
1 5 5 2 0  14.6  3.29  14.9  3.35 
" 
5970  10.9 6.0 1.25 
I 
6 2 2 0  6.36  1.27  3.09 .6 18  3.09  .618 2. 18 
'I
6440 3.82 1 .742 1 1.91 ~ .369 1.91 .292  1.24  .239 
FIGURE 9.3-20 MEASUREMENTS O F  QUANTUM EFFICIENCY 
P 
ORBIT 666 
11 762 11647 1 1664 
11 3990 1, 78.2 I 24.3 I 65.5 1 20.4 11 60.0 il 18.7 I 61.8 I/ 19.2 
1 1 10.9 j 41.0 
w 
CI 
W 
6.87  4.29  20.0 5. 72  22.7 
" ." 
5320 
1.25 6.00 1.29 6.18 5970 d 2 . 3 5  
14.7 3.31 14.7 3.19 14.2 21.8 4.91 3.31 
5,64 1.17 
-
6220 .546 2. 73 .582 2.91 .5 08  2.54 1.31 6.55 
6440 
:049 1 .013 .0727 .036 .200 .062 .346 6 940 
.245 1.27 .295 1.53 .351 1.82 .772 4.0 
I 3 
FIGURE 9.3-21 MEASUREMENTS OF QUANTUM EFFICIENCY 
ORBIT 697 
1 -  I I 
1 1644 11664 11647 11 762 
(-4 1 Q E  aK Q E  QE 0 I< 
- 
(ma / \v )  ( 9 5  ( moaI) w ) ( % ) (ma / \ v )  0 ( Zay\v ) 0 
3490 
19.2 61.8 18. 7 60.0  20.4 65.5 24.9  80.0 3990 
19.4 54.5 19.4 54.5  21.4  60 0  23.3 65.5 
4340 
10.0 38.2 8.85  33.6 34.6 12.0  45.5 4 7 2 0  
12.4  45.5 11.4  41.8 
40 0 1 lo::. 14.4 52.7 
i 5 5 2 0  i 21.8 I 4 .91  1 14.4 I 3.24 1 15.6 I 3.51 I 14.9 I 3.35 
I l e- l "-+- "- 
~~ 
6220 i .6oo 11 2.64 I s;; 3.00 ,654  3.27 1.35 6.73 ~~~~~~ ~ ~~ 
, 6440 .292 1 .. 26 . 243  1.51  .386  2.00  .8 06 4.18 
6 940 .013  .0491 .0727 ,036  .200 .065 .364 
FIGUXE 9.3-22 MEASUREMENTS OF QUANTUM EFFICIENCY 
ORBIT 740.5 
I 11644 I 11 762 1 1647 I 11664 
3490 65.5 23.3 
3990 80.0 24.9 
45-40 52.7 14.4 
4720 
5000 
5260 29.1 6.87 18.2  4.29  20.9  4 93  21.8  5.14 
21.8 4.91 3.24 14.9  3.35 15.1 3.40 
54.6 19.4 
18.7  61.9 19. 3 
11.2  45.5  12.4 
." 
 
45.5  12.0  8. 84 .-. 38.9 "- 10.2 
34.5 - 8.55 "23.6  25.5 - 6.33 29.4 6.30 - 
" 
' 5970 
6220 6.73 
.008 ,0473  .012 .0691 .036  .20  .065 .364 
,247 1.28 .303 1.57 .374 1.94 0.808  4.18 6140 
,547 2.73 .600 3.0 .690 3.45 1.35 
~~~~ 
11.5 ~ 1 2.39 1.21 5.82  1.25 6.0 1.25 6.00 
' 
6940 
FIGURE 9.3-23 MEASUREMENTS OF QUANTUM EFFICIENCY 
ORBIT 800 
x 
Q E  OK QE QE O K  (*A 1 
1 1664 11647 11 762 11644 
0 - 
(ma/\ \ , )  
19.2  61.9 19 .0  61.1 20 .0  64.4 23.9 76.8 3990  
20 .7  58.2 1 8 . 1  50 .9  21.4 60.0 23.3  65.5 3490 
(95 t m " a l f w  1 ( % 1 (ma / \ v )  ( % 1 ( ,",'f\v 0 
4540 52.7  14.4 41.5  11.3 11.9 43.6 11.4  41.8 
1 I 
4720 
w 
526 0 
5000 
45.5 10.5 9 .57  36.4  12.0 
CI 
h3 
"- "- 
33 * 9- 6.77 -3:s: 25 .4  34 '66.0 24 .2  " 8.4 " 27.3 ' 1 5 2 0  1 21.8  6.45 3.60 -. 3.26 14.5  3.26  14.5 4.91 d 5.57 23.6 18.2 "- 4.71  20.0 
0,808  1.82  0.35  1.56 
~ 0 . 3  1 0.436 1 0.042 1 0.364  0.065 0.236 0.042 0.0782  0.014 0.0527  0.0094 
FIGURE 9.3-24 MEASUREMENTS OF QUANTUM EFFICIENCY 
ORBIT 900 
r 
x 11664 11647 11 762 1 1644 
0 
(-A) Q E  OK Q E  QE O K  
( m a /  n,) ' C Y )  c:3\v, ( % 1 (ma / \ v )  0 ( m"aY\v (70) 
3490 
3990 
4540 45.2 11.4 41.8 11.3 41.5 14.4 52.7 12.3 . 
4720 
66.3 
- 19.4 62.3 18.7  60.0 19.8 63.6 23.6  76.0 
1 20.1 56.4 18.8 52.7  21.4  60.0 23.6 
- 
45.5 10.5  40.0 j 9.1 34.6 8.61 1 32.7- 12.0 
CL 
W 
W 
1.21  5.82 1.25  6.0 1.21 5.82 2.39 11.5 5 9 7 0  
5520 
5.57  23.6 4.72 . 20.0 4.30 18.2 6.87 29.1 5260 
6.65  26.8 6.3 25.4 5.86 23.6 34.6 I 8.58 5000 - 
I _" 
22.7  3.60 16.0 3.35 14.9 3.19 14.2 - 5.11 
6220 0.582 2 .-9 1 0.58 2.91 0.636 3.18 1.38 6.91 
6440 
6940 
4.18 
0.0098 0.0545  0. 13 0.0727  0.032 0.182 0.005 0.364 
0.262  1.36  0.28 1.45 0.249 1.29 0.808 
FIGURE 9.3-25 MEASUREMENTS OF QUANTUM EFFICIENCY 
ORBIT 1051.5 
11 762  11647 1 1664 
3990 
41.8 11.4 41.8 11.4 45.5  12.4  14.3 52.4 4540 
63.0 I 19.6 I 60.5 1 18.8 1 61.8 1 , 19.2 23.8 76.5 
4720 8.61  32.7  11.5  43.6 34.5
5000 
38.2 9.08
5260 
10.1 
34.7  8.63  23.6 6.8 27.5  6.3 25.4 5.86 
"- 
-" 4.72 
1.25 
3.45  15.3 3.35 14.9: 3.26 21.8 
4.72  20.0 5.14 21.8 
5970 11,5 5.82 6.0 1.7  5.64 1.21 
6220 6.73  1.35  3.45 1 0.69 I 2.91 1 0.582 I 2.91  0.582 
I I I I1 
6440 4.18  0.808  2.  1 0.386 1.55  0.3 1 1.2.9 0.25 'I 
6 940 0.273 I 0.049 1 0..182 0.033 
~ 0.013 ] 0.0545 0.01 0.727 
FIGURE 9.3-26 MEASUREMENTS O F  QUANTUM EFFICIENCY 
ORBIT 1064 
11 762 11647 11664 
4540 
4720 1 34.6 8.61 45.5 I 52 7 1 :::: 4:; 11.4 10.1 1 38.2 9 .1  12.4 1 45.5 11.2 40.9 1 
5320  21.6  3.55  15.8 3.29 14.6 3.11 13.8 5.0 
5970 
0.546 2.73 0.582 2.91 0.654 3.27 1.38 6.92 h 2 2 o  
1.21  5.82  1.21 5.82  1.25 6.0  2.41 11.6 
6140 
6940 
0.261 1.35 0.282  1.46 0.351 1.82 0.808 4.18 
0.373 0.01 0.0545 0.011 0.062  0.036  0.200 0.067 
FIGURE 9.3-27 MEASUREMENTS OF QUANTUM EFFICIENCY 
ORBIT 1089 
7 1 I 
x 
(-4) 
11664 11647 11 762 1 1644 
Q E  OK Q E  QE O K  
0 - 
(ma/  lv) 95 ( ( 70 1 (ma / n )  ( 7 0  ) ( muaY,v ) ( 7 0  ) 
3490 
3990 
64.9 
- ~ -  10.0  38 .0  8.6 32.6 
12.3  45.2 11 .4  41.6 
19.3 61.9 18 .4  59 .1  19.1 61.5  23.7  76.3 
20.6 57 .9  18.0 50.7  20.6 57.9 23 .1  
5.8  6.7  27.0 6. 3 25.3 
I 5260 
5320 
5 9 7 0  11.2  2.3 5.8 1.2 
0.0097 , 0 .054 0 .011 0.063  0.032 0.18 , 0.065 0.362 c 
6 940 
0 .25   1 .3 -  0.29 1.5 0.35  1.8 0.8  4.1 6440 
0.58 ~ 2.9 0 .58  2.9 0.66 3.3 1.3 6.7 
6220 
1.2 ’ 5.8  1.2 5.8 
I I J3.d-  .” 4.3 5.6 23.6 4. 7 - 19.9 
13.7 - 3.1  3.6 15.9 3 .3  14.5 
- 
I 
FIGURE 9.3-28 MEASUREMENTS O F  QUANTUM EFFICIENCY 
ORBIT 1114 
FIGURE 9 .3 -29  MEASUREMENTS OF QUANTUM EFFICIENCY 
ORBIT 1145 
x 
QE OK QE QE O K  (-4 1 
1 1664 11647 11 7 6 2  1 1644 
66.0  23.5 57.9 20.6 
10.0 38.0 8.6 32.6  8.6 32.6 11.9 45.3 
12.4 . 45.3 11.4 41.6 11.4 41.6 14.3 52.4 
19.3 61.9 18.3  58.8 19.1 61.5  23.4 75.2 
19.3 54.3 18.0  50.7 
::: -.p- 18.1 23.5 5.8  25.3  6.3  27.0  6.7 4.3 11.6 1 2.4 6.0 1.2 5.8 1.3 6.0 1.3 
0 
( ,",'f\v ) ( r n  a 1 w ) (9:) ( l a ?  w ( % ) (ma / \v)  0 (70) 
3490 
3990 
4540 
4 7 2 0  
02 5 0 0 0  
5 2 6 0  
F 
G) 
-" "" 5.5  23.5  4.7  20.0 
1 7 ;  3.5 15.6  3.  3 14.5  3.1 13.8 22.7 
5970 
6 2 2 0  
6140 
6 940 
6.7 
0.011 0.06 0.013  0.072 0.032 0.18  0.065 0.36 
0.25 1.3 ,O. 27 1.4 0.35 1.8 0.81 4.2 
0.58 2.9 0.58 2.9 0.62 3.1 1.3 
FIGURE 9.3-30 MEASUREMENTS OF QUANTUM EFFICIENCY 
ORBIT 1188.5 
. 
x 
QE aK Q E  QE O K  (-4) 
11664 11647 11 762 11644 
0 - 
(ma/  w )  ( 9 6  (:a? w 1 ( 7 0 )  - (ma / \ v )  0 ( m",r\v ) 0 
3490 
3990 
61.54 23.5 66.0 
23.4  75.2 61.9 19.3 
4720 
4540 
18.0 58.0 
5000 34.6 8.6 25.3 6.3 
1.2 5.6 1.3  6.2 1.3  6.2 2.5 11.8 3970 
3.5 15.6  3.3 14.5 3.3 14.5 - 4.9 21.8 
5320 
5.1 21.7  4.7  20.0 4.3 18.1 6.4 27.2 I 5260 
6.7 27.2 6.3  25.3 
6220  
6440 
6940 0.38  0.068  0.18 0.033  0.07 
21.9 
11.8 43.4 10.9 39.8 11.5 42.1 14.3 52.4 
19.5 62.7 
19.3 54.3 18.7 52.5 
45.3 10.0  38.0  8.6 32.6 9.0 -___ 34.4 11.9 
" - 
"" ." 
6.9 
0.23  1.2 0.29 1.5 0.39 2.0 0.83  4.3 
0.54  2.7 0.58 2.9 0.66 3.3 1.4 
0.013 0.011 .06 
FIGURE 9.3-31 MEASUREMENTS O F  QUANTUM EFFICIENCY 
ORBIT 1300 
11644 11 762  11647 1 1664 
(-4 1 'K QE QE O K  
- 
Q E  
( m a /  \x,) 
QE 
( 70 1 :a? w 1 ( % ) (ma / \v)  (ZaY\v 1 ( % )  (79) 
3490 65.1 
5000 0 
4720 
11.9 43.6 11.4 41.9 11.4 41.9 14.2 52.0 4540 
19.3 61.9 18.2  58.6 19.5 62.7 23.4 75.2 3990 
20.1 56.4 18.8  52.8 21.4 60.1 23.4 
I 
- 
45.5 
6.8 - 27.5 6.1 24.6 5.9 23.7 8.6  34.6 
10.5 40.0 8.6 32.8 8.6  32.8 12.0 
* c.r " 
4.7 
3.6 15.9 -. 3.3 
5.6 23.7 
1.2 6.0 1 . 3  
0.62 
0.27 1.4 0.29 
0.6 3.0 
0.013 0.055 0.0098 
FIGURE 9-3-32 MEASUREMENTS OF QUANTUM EFFICIENCY 
ORBIT 1400 
I 11644 I 11762 I 11647 II 1 1664 
5000 35.2  8.77  23.6  5.85 25.4 6.3  29.1  7.2  
-I
/ 5 2 6 0  I 29.1 I 6.9 I 18.2 I 4.3 I 20.0 t 4.72 I 22.7 I 5.36 
5520 
6220 
1.25  6.0 1.25 6.0  1.25 6.0 2.41 11.6 3 9 7 0  
23.6 
6.9 1.38 3.18  0.64 
6 940 
0.27 - 1.4 0.301  1.56  0.35  1.82 0.81 4.2 6140 
0.58 2.9 0.62 3.1 
5.3 3.6 16.0 3.35 14.9 3.15  14.0 
0.38 1 0.068 0.0104 .O. 058  0.0125 0.07 0.032 0. 18 
FIGURE 9.3-33 MEASUREMENTS OF QUANTUM EFFICIENCY 
ORBIT 1499.5 
x 
QE uK Q E  QE O K  (-A) 
1 1664 11647 11  762 11641 
0 
( ;ay\v )’ (ma/\ \ , )  (Y) - CrI27W) ( % )  (ma/\v)  ( 7 0  (%) 
3490 
3990 
4540 13.1 48.1  11.4 14.9 54.6 
4720 
69.1 19,- 55.0  18.6 52.4 21.2 59.6 24.6 
77.4 1 9 . 8  63.6 18.4 59.0 19.2 61.9 24.0 
41.8 I 11:; 4:: 45.5 12.0  32.7  9.06  40.0 
I 5520 1 23.6 5.3  13.8  3.1 14.9 
. 5970 11.6 I 2.41 5.8  1.2  6.0 1 1.25 , 6.2 
6 2 2 0  6.73 1.35  3.18  0. 4  3.1 0.62 i 2.9 0.58 
I I 
6440 4.2  0.81  1.82 0.35 1.56 . 
I 0.0125. 0.054 0.0097 , 1 . , 0.07 0.032 0. 18 0.064 1 6940 0. 36 0.301 11 1:38 I 0.266 1 I 
FIGURE 9.3-34 MEASUREMENTS O F  QUANTUM EFFICIENCY 
ORBIT 1512 
11644 11  762 11647 1 1664 
3490  69.1  24.6 
63.6  19.8  60.0 61.9 19 .2  23.8  76.4 3990 1.9 1 22.0 1 53.9 ii :::: ~ 5 8 * 2  1 2 . L  
3 6 t ? F l  i: :6 47.3 11 41.8 12.9 
36.4  24.5  26.4  6.55 7.22 29 .1  
I 5260 
23.6 5320 
-__- I 6.9 I 19.1 29 .1  
3.22  15.3  3.44  3.07 14.3 5.3 
I 
5970 11.8 I 2.45 1.32  6.36  1.32 6.36  1.28  6.18 
6220 0.62 3.09 0.62 3.09 0.67  3.36  1.42  7.1 
6440 
6  940 
0.291 1..51 0.316  1.64 0.38 1. 96 0.88  4.54 
0.29 0.0107  0.06  0.014  0.078 0.036 0.2 0.07 
FIGURE 9.3-35 MEASUREMENTS O F  QUANTUM EFFICIENCY 
ORBIT 1537 
c---c x 
Q E  OK Q E  QE O K  (-4) 
1 1664 11647 11 762 11644 
0 
( ,",r\v ) (ma/  \ v )  
19.2 61.9 18.  7 60.0 19.8 63.6 23.8 76.4 3990 
19.9 56 17.9 50.1 20.6  58 24.6 69.1 3490 
( :a? w ) ( 7 0  1 (ma / \ v )  0 ( 7 0  1 
I 11.5 I 47.3 I 12.9 
4720 
33.1 I 8.7 I 34 1 8.94 1 40.3 1 10.6 46.1  12.1CI A "_ lb 24.2 6.0  25.3  6 7  29. 1 7.22 35.6 1 8.82 5000 
I 5260 1 29.1 I 6.9 1 18.7 I 4.4 I 19.8 I 4.67 1 23.8 I 5.38 I I 
~ . ~ ~~ ~~~ 
5320  
1.29 6.19 6.0 5970 1.25 1 '!:! I:, 3.67 16.3 3.15  14.0 "
6 2 2 0  0.604 3.02 0.65  3.27  1.38 6.9 
6140 0.284 1 :47 0.36 1 1.51 0.291 1.85  0.81  4.2 
6 940 0.38 1 0.068 1 0.18 0.032  0.07 1 0.01241 0.06 1 0.0107 
FIGURE 9.3-36 MEASUREMENTS OF QUANTUM EFFICIENCY 
- 
ORBIT 1562 
I 11644 I 11 762 11647 I 1 1664 
4540 41.8 ~ 11.4 56.4 
15.4 1 ill: ," 4720 45.5 
4.72 20.0  4.6 19.5 6.9 29.1 526 0 
7.22 29.1 6.3 25.4 6.3 25.4  8.77 35.2 5000 
9.06 34.5 9.07 2 0 
23.6  5.57 
5320 23.6 5.3 14.5 3.26 14.9 
1.25  6.0 1.25 6.0 1.29 6.2 2.43 11.7 5970 
3.67 16.3 3.35 
11.4 13.2 . 48.4 I 
40.9 - 10.7 
- 
I' "- "- 
6220 0.608 3.04 0.62 3.1 0.68 3.4 1.38 6.9 
6440 
0.0116 0.065 0.0136 0.076 0.034 0.19 0.068 0.38 6940 
0.288 1 :49 0.297 1.54 0.37 1.93 0.82 4.27 
FIGURE 9.3-37 MEASUREMENTS OF QUANTUM EFFICIENCY 
ORBIT 1593 
x 1 1664 11647 11 762 11644 
6 )  QE OK QE QE O K  
- 
(ma/  \v) (zayw) I (7:) ( 7 0  1 (ma / \ v )  0 ( ,“,rw ) (70) 
3490 
63.6  23.8 76.4 3990 
21.2 59.6 19.2  53.9 22.0 61.9 23.3 65.5 
19.8 60.0 
12.0 45.5 4720 
12.9 47.3 11.9 43.6 11.4 41.8 15.4 56.4 4340 
19.2 61.9 18.7 
3000 35.2 8.77 25.4 6.3 
3.44 15.3 3.3 14. 7  5.3 23.6 5520 
5.57 23.6 5.15 21.8 4.62 19.6 6.9 29.1 5260 
7.22 29.1 6.57 26.5 
16.3 I 3.07 
5970 11.6 2.41 6.55 1.36 6.36 1.32  1.25 
34.5 40.0 10.5 - 9.32 35.5 9.07 ” 
“ 
I 
”I ~” 
1 
6 2 2 0  7.1 1.42 
0.015  .065 I 0.084 0.045 0.25 0.068 0.38 6 9 4 0  
0.318 1.65 0.47 2.45  0.86 4.45 6-140 
0.648  3.24 0.7 3.52 
1.49 0.288 
0.0116 
I 
~ 
FIGURE 9.3-38 MEASUREMENTS O F  QUANTUM EFFICIENCY 
ORBIT 1636.5 
I'I1; l"-----l I 
I 11641 /. 11 762 I 11637 I 11664 I 
3490 I 65.5  23.3 1 60.4 1 21.5 ,I 52.4 1 18.6 1 58;2 I 20.7 
3990 76.4 23.8 61.9 ~ 19.2 60.0 18.7 61.9 19.2 
" 
4540 
5.57 4.72  23.6  20.0 4.5 19.1 6.9  29.1 5260 
.7.22 I 29.1 6.3 25.4  6.3 25.4 8.58 34.6 5000 
10.5 , ' 40.0 9.56 36.4 32.7 12.0 45.5 4720 12.9 1 ~ 47;3 11.4 41 8 1 1:; I 41 814.4 52.7 -
"_ ~" 
5320 3.67  16.3 3.4 15.1 3.1 13.8 5.3 23.6 
I 
5970 1.29 6.2 1.25 6.0 1.2 5.8 11.4 I 2.37 
5220 
0.036 0.2 0.064 0.36 6 940 
0.266  1.38  0.301 1.56 0.37 1.9 0.77  4.0 6440 
0.58 2.9 0.62 3.09 0.65  '3.27 1.35 6.73 
0.07 0.0111 0.062 0.0125 
FIGURE 9.3-39 MEASUREMENTS O F  QUANTUM EFFICIENCY 
ORBIT 1750 
1 I x 1 1664 11647 11762 11644 
(2) Q E  OK QE QE O K  
( m O a r W )  (ma/  w)  (95 tm"aEiw) ( Yo 1 (ma/w) ( 7 0  ) ( 7 0 )  
3490 
13.2  48.5 11.4 41.8 11.4 41.8 14.9 54.6 4540 
3990 
19.7 55.0 19.2  53.9  21 560.4 23. 3 65.5 
9.07 34.5 9.06 40.0 
7.7 31.0 6.45  26.0 6.17 
10.5 
77.4 19.8 63.6 18.7 60.0 19.8  63.6 24.0 
A 
CL 
03 
27.3  6.45  18.9 5.57 23.6 4.81  20.4 4.46 
14.5 
0.295 1.53 0.316 1.64 0.38 1.95 
0.632 3.16 0.636 3.18 0.67 3.36 
1.32 6.36  1.29 6.19 1.32 6.36 
3.71 16.5 3.44  15.3 3.26 
0.2 0.036 0.076  0.0136  0.065 0.0116 
FIGURE 9.3-40 MEASUREMENTS OF QUANTUM EFFICIENCY 
ORBIT 1850 
I 11644 I 11 762 t 11647 I 11664 
/I 3490 1 68.1 11 24.6 I 58.0 I 20.7 1, .55 I/ 19.7 I 59.6 I 21.2 I 
/ 3990 /I 78.3 11 24.3 II ' 64.3  20.0 I 59.8 1 18.6 I 65.6 I 20.4 11 
1 4540 56.4 1 15.4 1 43.5 1 11.9 I 43.5 
CL 
(0 
I& I 4720 1 45.6 I 12.0 1 36.4 1 9.581  32 8  8.6 1 40.0 1 10.6 
5000  35.4  8.76  25.5  6.32  25.1  6.23  29.1  7.2 
I 5260 29.1 I 6.9 I 20.0 I 4.72 I 21.7 I 5.13 I 23.6 1 5.55 I 
I 5520 23.7 I 5.33 1 15.2 1 3.41 1 15.0 I 3.37 I 17.1 I 3.8 I 
11.5 1 -2.38 1 6.34 1 1.31 1 6.34 
6220 
6 940 
. 2 9  1.5 .344  1.73  .387  2.0 .8  4. 14 6440 
.62  3.1 .66 3.31 1.71  6.64 1.35  6.8 
.36+  .063 .013  .073 .017 .095 .035'7 . 2  
FIGURE 9.3-41 MEASUREMENTS OF QUANTUM EFFICIENCY 
ORBIT 1947.5 
x 11664 11647 11 762 11644 
(2 1 Q E  OK 
( Z a y w )  ' cQE) QE O K  ( rna /w)  (95 (,91K7w, ( % ) ( m a / w )  Yo ( 7 0 )  
3490 72.44 
13.9 51.0 11.9 43.7 12.2 44.6 15.9  58.24 4540 
22.0 71.0  19.3  61.920.9  67.34 24.90  80.08 3990 
2 1 . 3  59.68  19.5  54.7 22.5 63.3 25.79 
)"r 
32.80 6.8 27.3 6.55 26.4 9.2  36.40 5000 j 
11.0 41 .. 86 9.3 35.5 9.34  35.5  12.4 47.32 4720 
29.12 
8.1 
6.87 ' 2 0 . 0 2  4.72 20.9 
1.4 6.55 1.35 6.5 
4.1 18.2 3.5 15.7 
5.8 24.6 4.9 
6220  8.0 1.6 3.64  73 
.013  .073 . 0 166 .093 6  940  .40  .072  .039 
. 3 1  1.62 .34  1.75 6440  4.5  .87 2.2 .42 
.66 3.3 .68 3.4 
- 
FIGURE 9.3-42 MEASUREMENTS O F  QUANTUM EFFICIENCY 
ORBIT 1960 
FIGURE 9.3-43 MEASUREMENTS O F  QUANTUM EFFICIENCY 
ORBIT 1985 
FIGURE 9.3-44 MEASUREMENTS OF QUANTUM EFFICIENCY 
ORBIT 2010 
11 I I I I 
FIGURE 9.3-45 MEASUREMENTS O F  QUANTUM EFFICLENCY 
ORBIT 2041 
I 11644 I 11 762 1 11647 I 11664 I 
(2 ) 
48.0 11.8  43.0 11.9 43.5  15.0 54.7 4540 
63.7 19.0 61.0 19.3 62. G 24.4 78.5 3990 
56.7 19.4 54.5  21.2  60.0 26 71.0 3490 
Cm"aK7W) ( 7 0  ) (ma/w)  ( 7 0  ) (70) (ma/  w) CmCrarw) 
QE OK QE QE O K  
~ ~ 
5000 35.4 
5520 
23.7 4.95 21.0 4.67 19.8 6.83 29.0 5260 
30.2  6.5  26.2  6.27 25.4 8.76 
23.3 5.23 15.0  3.4  15.7 
6940 
6440 
6220 
6.5  1.35  6.5  1.36  6.55 2.44  11.7 5970 
17.2  3.53 
~~ ~ -~ 
6.9 
1.55 .34  1 .73 .407  2.11 . 8 4  4.35 
3.14 ,65 3.26 . 7 1  3.57 1. 38 
.39  .062 .017 .09  .038 .211  .069 
20.2 
19.8 
13.1 
" 
7.5 I 
~~ 
5 .6 
3.87 
1.34 
. ) U /  
. 011  I 
ORBIT 2084.5 
11 762 
I 
11647  11664 
4540 53.5 1 4 . 6  42.4 1 1 . 6   3 9 . 7  10.8 4 7 . 4  
FIGURE 9 . 3 - 4 7  MEASUREMENTS O F  QUANTUM EFFICIENCY 
ORBIT 2200 
~~~~~ 
1 11644 11664 11647 11 762 
O K  QE OK QE QE 
(m”aIfw, ( r n a / w )  (95 cmaaK7w 1 ( 7 0  ) ( m a / w )  ( Yo 1 ( Y O )  
3490 
20.3 65.5  18.4 59 .4  20.5  66.0  24.78.5 3990 
20.9 58.7 20.5  57.5 21. 9 61.6  24.3 68.4 
4540 54.8 15.0  43.5 11. 9 40.0  10.9  48.6 I 13.5 I 
I I I I I I I 
UI cn 
CL 4720 45.3 
8.6  6.23 34.8 
11. 8 8.6 
, 5000 
5260 
5520 
6.77  20.4  28.7 
5970 
, 6220 
20.0  4.76  5.57 
23.1 
2. 38 6.  35 1. 32 11.5 
5.2  14.6 , 3.27  3.83 
1. 36  6.8 
I 
1 
! 
. 40  1 1.73 I . 344  1 1.53 1 .295 1 2. 08 6440 
! 
6 940 . 215 .0384  .095 017 .068 012L
FIGURE 9.3-48 MEASUREMENTS O F  QUANTUM EFFICIENCY 
ORBIT 2300 
I 11644 I 11 762 'I I 11647 I. 11664 
! 3490 1 72.44 I 25.79 1 59.7 I 21.3 li 1 19.5 1 59.68 1 21.3 ~ 
39901 80.08  24.90  62.0  19.3 19.3 65.6  20.4 
"
~ 4540 1 5 8 . 2 4  115.9 1 4 4 . 6   1 2 . 2  1 43 .7   11 .9   15 .0  1 3 .9  ~ CI 4720  47.32 12.4  35.5 9. 34  35.5  9.3  41.86 11. 0 UI 4 5000 36.40  9.2  26.4 6.55  27.3  6.8  32.80  8.1 
1 5260 I 29.12 I 6.87 I 20.02 I 4.72 1 20.9 I 4.9 I 24.6 I 5 .8  I 
~~ 
5520 
.013 .073 .0166 ,093  .039 .22   .072  .40  
6 940 
31 1. 67. 34 1.75 43. 2 . 2  87 4.5 
6440 
.66  3.3  .68  3.4 .73  3.64 1.6 8.0 6220 
1.4  6.55 1. 35 6.5  1.4  6.7 7,. 5 12.00 5970 
4.1 18.2  3.5  15 7  3.4 15.1  5.32  23.66 
FIGURE 9.3-49 MEASUREMENTS OF QUANTUM EFFICIENCY 
ORBIT 2400 
x I 11644 11 762 11647 11664 
(Z) 
13.0 47.3 11.9 43.5 11. 9 43.5 15 .4 56.4 4540 
20.4  65.6 18.6 59 .8  20.0 64.3  24.3 78.3 3990 
21. 2 59.6 19.7 55 20.7  58.0 24.6 68.1 3490 
(95 c,",K7w, ( 7 0  1 (ma/w) ( 70 ) ( 7 0 )  ( rna /w)  (Zarfw) Q E  uK QE  QE O K  
CI 10.6  40.0  8.6 32. 8 9.58 36.4 12.0 45.6 4720 ul 
OJ 
5000 
5520 
29.1 5260 
7.2 29.1 6. 23  25.1 6. 32 25.5 8 .76  ~ 35.4 
6.9 5.55  23.6 5.13 21.7 4 .72  20.0 
23.7 3.8  17.1  3.37  15.0 3.41 15. Z 5.33 
I I 1.33 1 6.4 'I 1. 34 I 6.34 I 1. 31 I 2.38 Ii 6.34 1 11.5 5970 
6220 
6440 
6 940 
.344 1.73 ,387 2.0  .8  4.14 
I 
6.8 ' 3.31 I .66 1 :..: 1 .71 i 3.64 1.35 
.364 .017  .073  .013 .095 .0357 . 2  .063 
FIGURE 9.3-50 MEASUREMENTS OF QUANTUM EFFICIENCY 
ORBIT 2451.5 
11644 I 11 762 I 11647 /1 11664 
~ 3490 
5000 CD 
4720 
13.2 48 .3  11.1 40.8  12.0  43.5 14.9 54 .6  4540 
20.0 64 .3  18.8 60.6  20.0 64.3 23.4 76 .4  3990 
20.7 5822 18.9 53.1 20 .9  67.3  25.4 71-3 
w 
7.57  30.5 6.5  26.0  6.3 25.4 9.0 36.4 
10.75 41. 0 9 .0  34.4  13.4  35.3  12.0 45.5 
cn 
526 0 
~~ 
29.1 5 .5   23 .3   4 .8  20.2 4 .73   20 .0   6 .9  
5520 
5970 
6940 
, 2 9 4  1.5.3 e 33 1.72 .385 2.1 1 .. 85 4.4 644U 
.604  3 .02 .64  3. 2 . 7  3.5 1. 34 6.7 6220 
1. 34  6.42 1. 33  6 .4  1.35  6.53 2.4 11. 6 
. 3 9  .069 . 21 .037 .089 .0159 .0115 , 0 6 3  
22.8  3.8  17.1  3.5 15.7 3.3  14.7 5.1 
FIGURE 9.3-51 MEASUREMENTS OF QUANTUM EFFICIENCY 
ORBIT 2464.5 
x 11664 11647 11 762 11644 
(2) 
( Y o )  (m91K7W) ( 7 0  1 ( m a / w )  ( Yo ) (Yo) ( m a / w )  (mOarw) 
Q E  aK QE QE U K  QE 
3490 
29.1 6.75 27.2 6. 32 25.5 9.00 36.4 5000 
4720 
13.0  47.3 11. 9 43.5 11. 4  41.  8 15.4  56.4 4540 
20.3 65.50 18.6 59.8  19.7 63.4 24.3  78.3 3990 
21.2 59.6 19.7 .55  20.3 57.0  24.8 69.6 
.7.2 
5260 
5520 
5970 11.65 2.43  7.3 1.52 
47.3 10.6 40.0 9.6 36.4 9.58 36.4 12.45 
29.1 
3.7 16.4 3.38 15.0 3.42 15.  2 5.33 23.7 
5.55  23.6 5.13 21.7 4.72  20.0 6.9 
6.34 1. 25 6.0 1. 34 
6220 
6440 
7.28  .62  3.1 .655 3.3  .71 3.64  1.456 
4.55 
. 013 .073 . 0163 . 091 .0357 .20 .063  .364 
. 2 9  1.5 .32 1.6 .387 2. 0 .878 
6940 
FIGURE 9.3-52 MEASUREMENTS O F  QUANTUM EFFICIENCY 
ORBIT 2489.5 
11 762 11647 11664 
3490 
4720 
13.8 50.6 11. 9 43.7 11. 9 43.7 14.  9 54.6 4540 
22.6 72.8 19.8 63.7 20.9 67.3.  24.3 78.3 3990 
21.8 61.2 19.4 ~ 54.6 70.1 
45.5 11.9 34.6 9.1 35.9 
5000 )-r 
11.5 42.4 9.4 
34.9 8.7 25.5 6.3  26.8 6.6 31. 9 
3.9 17.5 3.6 16.2  3.3 14.8 5.1 
5.8 24.6 5.0 
7 .9  
11.5 2.4  6.6 1.4 6.9 1.4 6.7 1.4 
~ 
3.3 .66 
25.0 ~ 63.7 I 22.7 1 
Q, 
)-r 
5260 
6 940 
.33 1.7 . 3  1.6  .41 2.1  .83 4.3 6440 
.7  3.5 .72  3.6  1.4 6.8 6220 
5970 
22.8 5520 
21. 3 4.7 20.0 6.7 28.57 
.38 .068 . 21 .038 ,104 .018 .023 .04  
FIGURE 9.3-53 MEASUREMENTS O F  QUANTUM EFFICIENCY 
ORBIT  2514.5 
c 
x 11664 11647 11 762 11644 
(2) 
( 9 5  (m"aK7w) ( % 1 (ma/w) ( 7 0  ) ( 7 0 )  ( m a / w )  (mOarw ) 
Q E  OK Q E  QE U K  
3490 
3990 
22. 3 62.6  24.7 69 .4  5 4 . 6  
22.6 72 .8  19.8 63 .7  20.9 67 .3   24 .4  7 8 . 3  
21.8 61. 2 19 .4  
5520 
5970 
6220  6 .7  1. 3 
6440  4 .2  .81 2 . 2  . 4 3  1. 6 
6 940 
23 .7   5 .3   14 .9   3 .4   16 .4   3 .7  
I 
11.5 2 .4   6 7  1.4 6 .9  1 1 . 4   6 . 7  
3 . 8   . 7 6   3 . 5   . 7   3 . 3  
. 31 1.7 
. 3 8   , 0 6 8   . 2 0   , 0 3 6   . l o 4  . 018 . 0 2 2   . 0 3 9  
FIGURE 9.3-54 MEASUREMENTS OF QUANTUM EFFICIENCY 
ORBIT 2545.5 
11 762 11647 11664 
FIGURE 9.3-55  MEASUREMENTS OF QUANTUM EFFICIENCY 
ORBIT 2589 
11644 1'1 762 11647 11664 
(X) QE OK QE QE 0 I< 
( m a / w )  ( Yo ) 
" 20.4 65.5 19.3 61.9 19.3 61. 9 , 24.9- - 80.1 
21.4 60.1  20.6 58.0 ._.2!..!!" .I__ 58.9 23.6 66.2 
( 7 0 )  QE tmS?Eiw) ( % 1 (ma/w) ( 70 ) ( Z a Y w  ) 
- 
, 
4540 
3990 
3490 
4720 
5000 
5260 
1 5520 
5970 
56.4" 15.4  12.4  43.7 51.0 13.9 ~~~~~ ~~~~~~~ 
CI 
A 
Q) 
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FIGURE 9.3-56 MEASUREMENTS OF QUANTUM EFFICIENCY 
ORBIT 2700 
17-  i I 
I 11644  11  762 I 11647 I 11664 I 
I 3490 
3990 24.4 /I 67.5 63.7 78.3  22.6 : 72.8 19.8 
I I 
-, 22.0 61.9 20.2 ~ 48.8 1 17.4 I 56.8 24.9 69.9 
11 I 
4540 
13.9 - 51.0 12.0 , 44.0 43.9 15.4 56.4 
4720 
5000 
F 11. 0 41.9 10.0 38.2 12.0  36.4  45.5 
Q, 
a 
”-
34.9 32.8 6.8 27.3 25.5 - 1 8.7 ”- 
1 I 5260 - 
6220  
1.4 6.7  1.4 6.9 1.4  6.6 11.5 5970 
4.1 18.2 3.7 16.4  3.4 9 “ 23.8 
5520 
6.0 25.5 5.1 21.7 .” 5.6 
2 9 . L p \ ; ; L ”  
6.8  1.4  3.8  .76  3.5 .7 .33 
6 940 
.33 1.7 .1 .54 .39 2.0 .84 4.4 6440 
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FIGURE 9.3-57 MEASUREMENTS OF QUANTUM EFFICIENCY 
ORBIT 2800 
1 1  762 I 11647 1 1664 
I 0 
(*A) QE OK QE QE O K  
- 
( m a /  \v)  ( QIE :o 1 (:a? w , ( To ) (ma / \v )  ( Yo ) (,",r,v ( T O )  
3490 
13.0 47.4 11. 8 43.0 11.4 41. 8 15.4 56.4 45-10 
20.5 66.0 19.3 61. 9 19.2 61. 9 24.0  77.6 3990 
20.4 57.3 20.2  56.8 21.2 59.6 23.3  65.5 
4720  45.5 
7.5 - 30.2 6.8 27.3  6.1  24.5  34.6  8.58 3000 
10.8 - 39.7 - 9 . 2  35.0 8.6 32.7 12.0 
2 9 . 1 " . r z -  18,L" 
1.4 6.6 1. 27 6.1 1. 2 5.8 11.6 2.41 
3.8 17.0  3.23 .44 3.5 14.0 - 23.6 
5.58 23.7 4.6 - 19.5 -" 4.3 
5268 
- 
iijLn- 
t - 
5970 
6 2 2 0  
6440 
6940 
6.9 
. 011 .062 .016 .09 .032 0. is .064  .36 
. 3  1.55  .37 1. 8 0.35  1.82  0.81 4.2 
- ~~~ 7 ____ ~ 3 . 5  ~~ ~~~~ 7 -3.5 - 0.64 -3 .18  ~~ ~~ 1.38- 
FIGURE 9.3-58 MEASUREMENTS OF QUANTUM EFFICIENCY 
ORBIT 2897.5 
11 762 11647 11664 
FIGURE 9 .3 -59  MEASUREMENTS O F  QUANTUM EFFICIENCY 
ORBIT 2910 
11644 1 1  762 11647 1 1664 
(*A) Q E  OK Q E  QE O K  
- 
(ma/  \v)  
QE 
( wo ) (:a? \v ) ( 70 1 (ma/ \v)  ( 70 ) ( ,",r\v ) ( r 0 )  
3490 
19.1 3.5 15.7 3.4 14.9 __  22.8 5520 
8.7 " - 32.8 6.8 27.3 6.3 
35.5 1 !i: 
".lo.- 39.6 - 9 .6  36.4 9.6 36A" 12.2 46.4 4 7 2 0  
43.9 . 51.0 11. 9 43.7 12.4 45.5 15.4 56.4 
4540 
3990 
59.6 20.2 56.8 20.7  58.1 23.6  66.4 
3970 
6 2 2 0  
6440 
6 940 
21. 2 
80.1 20.5 .66 19. 3 61. 9 19. o 61.1 24.9 
w 
Q, 
03 25.5 3 0 0 0  
, 5 2 6 0  19.1 27.3 - 21.8 4.5 " ." "- " 5.1 6 . 0  25.5 - 
___. 4.3 
11.7 L 2.4 1.37 - 6.6 - 1.4  6.6 1.4 6 .6  
6.7 
.014 .076 .017 .095 .039 . 2 2  .42 I .075 
. 31 1.6 .35 1.8 .386 2.0 .73  3.8 
.7  3.5 .70 3.5 .70 3.5 1. 34 
FIGURE 9.3-60 MEASUREMENTS O F  QUANTUM EFFICIENCY 
ORBIT 2935 
1 1644 
/. 11 762 I 11647 I 11664 I 
6220 6.9 
6 940 
.30 1.55 .34 1.73  .407 2.11 .84  4.35 6440 
.625 3.14 .65 3. 26 .71 3.57 1. 38 
a 39 : 011 .062 ,017 .09 i 038 . 211 069 
FIGURE 9.3-61 MEASUREMENTS O F  QUANTUM EFFICIENCY 
ORBIT 2960.0 
11644 11 762 11647 11664 
(2 ) (93 Cmaarw) ( 7 0  1 ( m a / w )  ( 70 ) (70) ( m a / w )  ($aTw) QE OK QE QE O K  
3490 
10.6 40.0 8.6 32.8  8.85  33.7 11. 4 44.4 4720 
13.5 48.6 10.9 40. 0 11.6 42.4  14.6  53.5 4540 
20.3 65.5  18.4 59.4 20.0 64.5  24.0  77.3 3990 
20.9 58.7 20.5 57.5 21.  8 61. 0 24.8  70.0 
w 
4 
0 7.6 30.7  6.23  25.1 6.1 24.6  8.43  34.0 5000 
5260 28. 0 
5520 
5.57 23.7  4.76 20.0 4.55 19. 3 - 6.6 
22.6 5.08 14.5 3.  27 
6220 
1. 35 6.5 1.29 6.2 1. 31 6. 32 2. 38 11.4 5970 
3.83  17.0  3.27 14.6 
6.75 1. 35 3.47 .694 3. 31 .66  3.17 
.012 .068 .017 ,095 .0358 .LO .66 .37 6 940 
.295 1.53  .344 1.73  .386 2.00 . 8  4.15 6440 
.632 
FIGURE 9.3-62 MEASUREMENTS OF QUANTUM EFFICIENCY 
ORBIT 2991.0 
I I: x 11644 11 762 11647 I 11664 
(i ) O K  QE  QE OK QE 
(mOaYw 1 ( m a / w )  ( 7 0 )  ( 7 0  1 ( m a l w )  ( 7 0 )  
i 
3490 67.6 23.1 57.9 20.6  50.7  18.0 
3990 76.3  23.7 61.5 19.1 59.7  18.4  65.2 
4540  52.7  14.4 41. 6 11.4 41.6 11.4 47.1  12.3 
FIGURE 9.3-63 MEASUREMENTS O F  QUANTUM EFFICIENCY 
ORBIT  3034.5 
~ ~ ~ I 11644 11 762 11647  11664 
3490 
9.5 36 .2  8.6 32.6 8 .1  3 1 L - 8 "  1 1 -  9 4 5 . 3  4720 
12.4 45.3 10.9 39 .8  11.4 41. 6 14.2 5 4 . 3  4540 
19. 2 63 .4   18 .3  59.7 19.2 61. 5 23.6 76 .0  3990 
20.6 5 7 . 9  18. 0 5 0 . 7  20.6 5 7 . 9  23.1 67 .0  
CI 
4 
ISJ 
27.2 
36.2 
3.5  15.7  3.3  14.5 3.1 13. 8 5 .1  23.5 
5.5 23.5 4 .7  19.9 4 . 3  18.1 6 . 4  
6.7 29.0 6. 3 25.3  5 .8   23.58.6 
5520 
11 5970 
': 6220  "p 1 . 3  I ~ I ' 6940 .54 2.7 . 54   2 .7  .62  3 .1  
11. 0 1 1. 2 I 5 . 8  1. 2 5 . 6  1. 2 5 . 8  2.3 
I
1 6440 
1 ~ .25 1.3 . 3  1.5 . 35 1.8 . 7 7  1 
.36 1 .0097  .054  . 013 . 0 7  .032  .18 I .065 I 
FIGURE 9 .3-64  MEASUREMENTS OF QUANTUM EFFICIENCY 
ORBIT Zero 
11644 11762 
Gain 
5.6 x 10 -8 3.0 x loa 1380 6.5 x 3.7 x 1530 lo4 
I1q(Cmps) I13 (amps) IA (amps) VA (volt) 114 (amps) 113 (amps) IA (amps) VA (volt) 
lo5 
2790 5.8 x 10 2.8 x 10 10 3210 lo6 
5.5 x 2 . 9  x 195 0 6.0 x 3.0 x 2150 
-6 -6 -6 -6  
10 10*5.8 x 10 -6 2.9 x 
ID 9 . 3  x Amp @ G = 10 2790 6.5 x 10-llAmp @ G = 10 3210 
6 6 
FIGURE 9.4-1 MEASUREMENTS OF CURRENT VOLTAGE GAIN AND DARK CURRENT 
ORBIT 1 
FIGURE 9.4-2 MEASUREMENTS OF CURRENT VOLTAGE GAIN  AND DARK CURRENT 
ORBIT 5 
ID 3200 6 . 5  x Amp @ G = 10 2780 9 . 3  x Amp @ G = lo6 
6 
FIGURE 9.4-3 MEASUREMENTS O F  CURRENT VOLTAGE GAIN AND DARK CURRENT 
ORBIT 10 
r I 1 
ID 3350 I 4.7 x Amp @ G = 10 3340 ' 4.3 x Amp @ G = lo6 6 I 
FIGURE 9.4-4 MEASUREMENTS OF CURRENT VOLTAGE GAIN AND DARK CURRENT 
ORBIT 20 
, Gain 
5.7 x 10 2.9 X 10 5.5 x 10'8 2.8 x lom8 10- 1400 10- 1570 lo4 
I14(bmps) 113 (amps) IA (amps) VA (volt) 114 (ampel 113 (amps) 1, (amps) VA (volt) 
-8 -8 
lo5 4 . 9  x 2.2 x 1990 5.3 x 2.8 x 2200 
106 10 2815 5.5 x l om6  2.7 x lom6 3300 
-6 
3300 1 6.0 x A m p  @ G = 10 I 2815 I 9.8 x A m p  @ G = 10 
2.2 x 4.8 x 
1 ID I 
6 6 
I 
FIGURE 9.4-5 MEASUREMENTS OF CURRENT VOLTAGE GAIN  AND  DARK CURRENT 
ORBIT  30 
11644 11762 
Gain I14(,@mpS) 113 (amps: IA (amps) VA (volt) 114 (ampa) 113 (amps)  IA (amps)  VA (volt) 
lo4 
5 . 2  x 7.. 5 x 10 1890 5 . 2  x1~-7  2.7 x 218 0 , lo5 
5 .5  x 2.8  x 10" 10 1385 5 . 5  x 2 . 9  x l o m 8  10 155 0 
-8 -8 
-7 
lo6 5.0 x 2.3 x 2 .8  x 10 27 85 5.1 x 10 10 3280 -6 -6 -6 
3280 1,. 0 X 10-l' Amp @ G = 10 2785 ID 6 . 3  x Amp @ G = 10 
6 6 
11647 11664 
Gain 114 (amps) 113 (amps) IA (amps) VA (volt) 114 (amps) 113 (amps) IA (amps) VA (volt) 
lo4 6.0 x 10" 3.3 x 10" 1630 6 . 3  x 3.2  x 10 1600 
-8 
, lo5 5 . 2  x 2 . 3  x 2385 5 . 5  x 2 . 2  x 2300 
106 5 . 5  x 10 2.8  x 10 10 -6 3380 5.8 x 10 2 . 6  x 3340 -6 -6 -6 
ID 4 . 7  X 10 Amp @ G = 10 3340 
- 11 6 - 11 3380 4 . 2  X 10 Amp @ G = 10 6 
FIGURE 9.4-6 MEASUREMENTS OF CURRENT VOLTAGE GAIN AND DARK CURRENT 
ORBIT 57 
FIGURE 9.4-7 MEASUREMENTS O F  CURRENT VOLTAGE GAIN AND DARK CURRENT 
ORBIT 73  
11644 1176 2 
Gain I14(.8mp!e) I13 (amps: IA (amps) VA (volt) 114 ( a m p s )  113 (amps) IA ( a m p s )  VA (volt) 
I lo4 
4 . 9  x 2.5 x 27 80 5 . 8  x lom6 3 .0  x 10  3330 106 
4 . 9  x 2.5 x 10 l o m 7  1930 5 . 7  x 2 .9  x 10 218 0 lo5 
5 . 3  x 2.8 x 1380 5 . 9  x l o m 8  3 . 2  x lom8 15 30 
ID 9 . 2  X 10 A m p  @ G = 10 
-7 
-6 
-7 
3330 6 . 3  X 10 A m p  @ G = 10 - 11 6 2780 - 11 6 
- 
ID 3400 4.7 x 10-llAmp @ G = 10 3370 4.6 x Amp @ G = lo6 6 
FIGURE 9.4-8 MEASUREMENTS OF CURRENT VOLTAGE GAIN AND DARK CURRENT 
ORBIT 114 
ID  3290 2815  8,. 5 x Amp @ G = lo6 6 .3  x Amp @ G = 10 
6 
ID 
- 11 
3450  5. x 10 Amp @ G = 10 3390 3.8 X Amp @ G = lo6 6 
~~~ ~~~~ ~ ~~ 
FIGURE 9.4-9 MEASUREMENTS O F  CURRENT VOLTAGE GAIN AND DARK CURRENT 
ORBIT 155.5 
ORBIT 168 
11644 
Gain 
5.5  X IOm8 3.1 x lom8 1520 lo4 
114 (amps) $3 (amps) IA (amps) VA (volt) 
, lo5 5.7  x 10-7 3. o x 2145 
lo6 5 . 8  x 2.9 x lo-' lo" 3280 
ID 4 . 9  X Amp @ G = 10 3280 
6 
Gain 114 (amps) 113 (amps) IA (amps) VA (volt) 
104 6.1 x 3.5 x 1620 
I I 
1 1  11664 
2395 I 10-7 13.2 x 10-7 15.6 x 10-71 
FIGURE 9.4-11 MEASUREMENTS OF CURRENT VOLTAGE GAIN AND DARK CURRENT 
ORBIT 193 
FIGURE 9.4-12 MEASUREMENTS O F  CURRENT VOLTAGE GAIN AND DARK CURRENT 
ORBIT 218 
ID 3530  2.1 X 10-l' Amp @ G = 10 3405 4 . 0  x Amp @ G = lo6 
6 
L 
FIGURE 9.4-13 MEASUREMENTS OF CURRENT VOLTAGE GAIN AND DARK CURRENT 
ORBIT 249 
11644 
I I I I 
15 30  10-8 3.4 x 5.9 x 10-8 
105 2138 10-7 3.3 x 10-7 6.1 x 
106 3285 l o m 6  3.5 x 6.3 x 10- 6 
ID 3285 4.7 x Amp @ G = 10 6 
1400 
7.4 x 10- l~  Amp @ G = 10 2860 
5.7 x lom6 3.0 x l oe6  2860 
5 .4  x 10-7 2.8 x 10-7 195 0 
5.4 x l o m 8  2.9 x l o W 8  
6 
11647 11664 
Gain 
-8 
I14 (amps: I13 (amps) IA (amps) VA (volt) 114 (amps) 113 (amps) IA (amps) VA (volt) 
lo4 
5.9 x 10-6 3.3 x 10- 10-6 3405 6.4 X 10-6 3.5 X 35  24 106 
5.7 x 3.1 x 10-7  10-7 2400 6.1 x 10-7 3.3 x 10-7 235 0 lo5 
5.3 x 10 3.2 x l om8  1615 6.3 x 3.3 x 1620 
6 
ID 1.3 X 10 i m p  @ G = 10 35  24 
-1 6 3.7 X 10-llAmp @ G = 106 3405 
FIGURE 9.4-14 MEASUREMENTS OF CURRENT VOLTAGE GAIN AND DARK CURRENT 
ORBIT 292.5 
11644 11762 
, Gain 
10-8 1403 5.5 x 3 . 2  x l o m 8  I530 , IO4 
IA (amps) VA (volt) I14 (amps) I13 (amps) IA (amps) VA (volt) 
lo5 
10-6  2855  6.3 x 3 . 3  x l om6  3300 106 
195 0 5 . 9  x 3.1 x 214 7 2.8 x 10. 5.5 x 10 
-7 -7 
2.8 x 1 0 ' ~  15.6 X l o m 6 \  
1 ID I 3300  14.0 x lom1' Amp @ G = 10 2855 6 I I 7. 2 x Amp @ G = 10 6 I 
11647 
I14 (amps I13 (amps) IA (amps) VA (volt) 114 (amps) 117 (amps) IA (amps) 'JA (volt) , Gain 
11664 
, lo4 1637 
3 .3  x Amp @ G = lo6 3408 3.5 X 10-l' Amp @ G = 10 3560 ID 
,5.9 x10- , 3 . 6  x 3408 6 . 7 ' ~  3.6 X 35 60 106 
5 . 7  x 3.3 x 10-7 2400 6 . 2  x 3.3 x l o m 7  2360 lo5 
5.7 x 3.5 x lo-$ 1610 6.5 x 3.4 x 10- 
6 
6 
FIGURE 9.4-15 MEASUREMENTS O F  CURRENT VOLTAGE GAIN AND DARK CURRENT 
ORBIT  400 
11644 11762 
Gain  
-7 
1.05 x l o 4  4 .5  x 10-9 2 x 1440 1.06 x 5 . 2  x 2 x 1550 lo4 
I14(@mps) I13 (amps:  IA (amps)   VA (volt) 114 (ampa) 113 (amps) IA (amps) VA (volt) 
lo5 1.2  x 10 4 . 2  x 10-8 2 x 1986 1 . 2  x 10- 3 . 8  x 2 x 2175 
lo6 1.3 x 3 . 9  x 2 x loW6 2810 1.35 x 10- 3 .7  x 2 x 3210 
ID 3210 6,03 X A m p  @ G = 10 6 2810 4. 08 X 10-llAmp @ G = 10 6 
11647 11664 
Gain  I14 (amps: I13 (amps) IA ( a m p s )  VA (volt) 114 ( a m p s )  117 ( a m p s )  IA  (amps)  VA (volt) 
lo4 1.05 x 4. o x 2 x 1640 1.03 x 4 .6  x loW9 2 x 1633 
lo5 1.2  x lo” 3. 8 x 2 x 2310 1.18 x 4 . 2  x 10-8 2 x 10-7  2330 
lo6 1.3 x 3.7 x 2 x 10-6 3355 1.33 x 10-6 3.9 x 2 x 3520 
ID 4.97  x 10-l1Amp @ G = lo6 3355 3.14 x 10-llAmp @ G = lo6 3520 
FIGURE 9.4-16 MEASUREMENTS O F  CURRENT VOLTAGE GAIN AND DARK CURRENT 
ORBIT  500 
11644  11762 
Gain 114(~rnps)( $3 (amps) IA (amps) VA (volt) 114 (amps) 113 (amps) IA (amps) VA (volt) 
lo4 1 . 0 5 ~  4.6 x 2 x 1430 1.1 x 4 . 2  x 2 x 15 30 
lo5 
1.36 x l ~ - 6  4 .2  x 10-7  2 x 10-6 2800  1.4 x 3 .8  x lom7 2 x 3200 lo6 
1.2 x 10-7 4 . 4  x 2 xlo -7 1980 1.22 x l o m 7  4 x 2 x 10-7 2165 
ID 6 . 2  X Amp @ G = 10 2800 4 .6  X 10-llAmp @ G = 10 3200 
6 6 
11647 11664 
Gain 114 (amps] 113 (amps) IA (amps) V A  (volt) 114 (amps) 113 (amps) IA (amps) VA (volt) 
lo4 
1.2 x 10-7 3 .8  x 2 x 10-7 2295 1.16 x 4 .2  x l o m 8  2 x lom7 2310 lo5 
1 x 10-8 3.8 x 10-9 2 x 10-8 1630 1.05 x 4.7 x 10-9 2 x 10-8 1610 
106 1 . 3 ’ ~  IOm6 , 3.6 x 2 x IOm6 3350  1.36 x , 4.1 x 2 x 35 00 
ID 35 00 5.5 x Amp @G = lo6 335 0 5 x Amp @ G = 10 6 
FIGURE 9.4-17 MEASUREMENTS O F  CURRENT VOLTAGE GAIN AND DARK CURRENT 
ORBIT 603.5 
11644 
Gain VA (volt) IA (amps) 
io4 1540 2 x 10-8 
105 2170 2 x 
Amp @ G = 10 6 
L I I 1 I I 
CI 
W 
0 
11647  11664 
Gain 114 (amps: I13 (amps) IA (amps) VA (volt) 114 (amps) 113 (amps) IA (amps) VA (volt) 
lo4 1. o x 3.7 x 10-9 2 X 1630 1 x 10-8 4.3 x 2 x 10-8 1600 
lo5 
6.0 x Amp @ G = lo6 3345 6.1 x Amp @ G = 10 35 00 ID 
1.18 x 3.8 x lom8 2 x 2300 1.2 x 4.1 x 2 x 2305 
lo6 1.3 x 3.63 x 2 x10- 3345 1.31 x 10- 3.8 x 2 x 3500 
6 
FIGURE 9.4-18 MEASUREMENTS O F  CURRENT VOLTAGE GAIN AND DARK CURRENT 
ORBIT 616 
~~ ~~ ~ ~~ ~ 
FIGURE 9.4-19 MEASUREMENTS O F  CURRENT VOLTAGE GAIN AND DARK CURRENT 
ORBIT  641 
11647 11664 
Gain 
lo4 
114 (amps: 113 (amps) IA (amps)  VA (volt) 114 (amps) 113 (amps) IA (amps) VA (volt) 
1.03 x 10-8 4 x 10-9 2 x 1640 1. 0 X l o m 8  4.5  x 2 x 1650 
lo5 
1. 9 x Amp @ G = 10 3555 ID 
1.3 x 10-6 3.7 x 2 x 3360 1.3 x 10- 3.8 x 2 x lom6 3555 106 
1.2 x 10-7~ 3.8 x 2 x 2320 1.2 x 4 . 2  x 10-8 2 x 10-7  2355 
4. 9 x Amp @ G = lo6 3360 6 
FIGURE 9.4-20 MEASUREMENTS O F  CURRENT VOLTAGE GAIN AND DARK CURRENT 
ORBIT 666 
11644 11762 
Gain I14(,ampe) I13 (amps: IA (amps) VA (volt) 114 (amps) 113 (amps) IA (amps) VA (volt) 
- lo4 
7.5 x 10-l~ Amp cz G = 10 2800  4 .2  x 10-llAmp @ G = 10 3200 ID 
1. 33x 10- 6 4 x 2 x 10-6 2800 1.4 x 3.7 x 2 x 37.00 106 
O6x 1 O - S  4.4 x 10-91. 2 x lom8 1440 1.1 x lom8 4.1 x 10-9 2 x 1540 
I lo5 1.2 x 4.2 x 10-8 2 x 1980 1.23 x 3.8  x lom8 2 x 2170 
6 6 
ID 355 0 2.2 x 10-lOArnp @ G = 10 335 0 5.2 x Amp @ G = lo6 6 
FIGURE 9-4-21 MEASUREMENTS OF CURRENT VOLTAGE GAIN AND DARK CURRENT 
ORBIT 697 
1990 1 2 x 10-7 I 4.2 x 10-4 1.2 x 10-71 
lo6 2 x 10-6 I 4 x 10-7 11.35 x 10-6 2820 2 x I 3.8 x  10-71 1.4 x 3200 
ID 1 
3200 7.6 x Amp @ G = 10 6 2820 4.3 x 10-llAmp @ G = 10 6 
11647 
Gain 114 (amps) 113 (amps) LA (amps) VA (volt) 
lo4 
1.2 x 4.2 x 2 x 10-7 2350 lo5 
1.03 x 1 ~ - 8  4.4 x 10-9 2 x 165 0 
lo6 1.35 x 3.9 x 2 x 10-6  3560 
ID 1.8 x 10'loAmp @ G = 10 3560 6 
~~ 
11664 
VA (volt) 114 (amps! 113 (amps) IA (amps) 
1635 
4.4 x Amp @ G = lo6 335 0 
1.3 x 10-6, 3.7 x 10-7 2 x 10-6 335 0 
1.2 x 10-7, 3 . 8  x 10-8 2 x 10-7 2300 
1.05 x1~-8, 3 . 8  x 2 x 
FIGURE 9.4-22 MEASUREMENTS OF CURRENT VOLTAGE GAIN AND DARK CURRENT 
I 
I 
I 
I 
L_ 
~ 
c.o 
CJ1 
----- -------.-- ------...,,-_.-----.-
ORBIT 740.5 
11644 11762 
Gain V A (volt) IA (amps) 113 (amps) 114 (amps) V A (volt) IA (amps) 113 (amps II4(~mp8) 
--
104 1540 2 x 10- 8 4 x 10- 9 1.1 x 10- 8 1455 2 x 10- 8 4.3 x 10-9 1. 05 xl0- 8 
105 2175 2 x 10-7 9 -8 3. x 10 1. 25 x 10 -7 2003 2xlO- 7 4.2 x 10 .- 8 1.2xl0-7 
106 3200 2 x 10- 6 3.6xlO-7 1. 37 x 10- 6 2820 2 x 10- 6 3.9xlO- 7 1. 3 x 10 -6 
ID 3200 4.7 x 1O-11Amp @ G = 106 2820 ~. 0 x 10-11 Amp @ G = 106 
11647 11664 
Gain V A (volt) IA (amps) 113 (amps) 114 (amps) V A (volt) IA (amps) 113 (amps) 114 (amp~ 
104 1670 2 x 10- 8 4.3 x 10 -9 1. 02 x 10- 8 1640 2 x 10- 8 3 7 x 10- 9 1 02xl0- 8 
105 2380 2 x 10- 7 4.1 x 10- 8 1.16 x 10- 7 2310 2 xl0- 7 3.8xlO- 8 1.17 x 10-7 
106 3605 2 x 10- 6 3.9xlO-7 1. 35 x IO- E 3350 2 x 10- 6 3.6 x 10- 7 1. 3 x 10- 6 
ID 3605 4.1 x 10-11 Amp @ G = 106 3350 -11 @ 6 4.7 x 10 Amp G = 10 
---- - -- - ----- - -------
FIGURE 9.4-23 MEASUREMENTS OF CURRENT VOLTAGE GAIN AND DARK CURRENT 
________ ____ ____ __. ___ J 
r 
I 
f 
I 
..... 
CD 
CT:> 
------
--- -- =--~ -~--- -~ l 
ORBIT 800 
11644 11762 
Gain V A (volt) IA (amps) 113 (amps) 114 (amps) V A (volt) IA (amps) 113 (amps' 114(am ps)l 
104 1540 2 x 10- 8 4 x 10- 9 1.1 x 10- 8 1450 2 x 10- 8 4.6xlO- 9 1.1xlO -8 
105 2180 2 x 10- 7 3.9 x 10- 8 1.3xl0-7 1980 2 x 10- 7 4.2xlO- 8 1.2 x 10- 7 
106 3230 2 x 10- 6 3.6 x 10-7 1.4 x 10- 6 2810 2 x 10- 6 4 x 10- 7 1.4 x 10- 6 
ID 3230 
-11 6 4.2 x 10 Amp @ G = 10 2810 7.5 x 1O-11 Amp @ G = 106 
-- ---- - -- -----
--_._ -- - --
----
11647 11664 
Gain V A (volt) IA (amps) 113 (amps) 114 (amps) V A (volt) IA (amps) 113 (amps) 114 (amps] 
104 1660 2 x 10- 8 4.3 x 10- 9 1.0 x 10- 8 1630 2x10-l) 3.7xlO- 9 1. 02 x 10~ 
105 2370 2 x 10- 7 4.2 x 10- 8 1.2x10- 7 2320 2 x 10-7 3.8 x 10- 8 112 x 10- 7 
106 3600 2 x 10- 6 3.9xlO-7 1. 4 x 10 -6 3365 2 x 10- 6 3.6xlO-7 1.3 x 10- 6 
ID 3600 8.4 x 1O-1kmp @ G = 106 3365 5.2 x 1O-1l Amp @ G = 106 
L-- ~ --- - -- ----- - ----- - ------ --~ 
FIGURE 9.4-24 MEASUREMENTS OF CURRENT VOLTAGE GAIN AND DARK CURRENT 
--~----
r- ---~--
L_ 
~ 
co 
-J 
---~ - -- ---~ -- -- --- -.-- -- -- --- ---~ 
ORBIT 900 
11644 11762 
Gain V A (volt) IA (amps) 113 (amps) 114 (amps) V A (volt) IA (amps) 113 (amps' I14(~mps) 
I 
104 1530 2 x 10- 8 4 x 10- 9 1.lxlO-8 1450 2 x 10- 8 4.6 x lO- c 1.1 x 10- 8 
105 2190 2 x 10-7 3.8 x 10- 8 1.2 x 10-7 1970 2 x 10-7 4.2 x 1O-~ 1.2 x 10-7 
106 3220 2 x 10- 6 3.6 x 10 -7 1. 3 x 10 -6 2800 2 x 10- 6 4 x 10- 7 1. 4 x 10- 6 
In 3220 -11 @ 6 4.3 x 10 Amp G = 10 2800 7. 2 x 10-11 Amp @ G = 106 
------ - - - - --- - - -- ----- ----- - -- - - - - -- -- - - -
11647 11664 
Gain V A {volt} IA (amps) 113 (amps) 114 (amps) V A (volt) IA (amps) 113 (amps) 114 {amps 
104 1660 2 x 10- 8 4.3 x 10- 9 1.0 x 10- 8 1630 2 x 10- 8 3.7 x 10- 9 1 00 xl0- 8 
105 2360 2 x 10-7 4.0 x 10- 8 1.2 x 10- 7 2310 2 x 10- 7 :3 8 x 10- 8 12xlO-7, 
106 3580 2 x 10- 6 3.9 x 10-7 1.4 x 10- 6 3360 2 x 10- 6 3.6xlO-7 1 .:3 x 10-6 
In 3580 6.3 x lO-11Amp @ G = 106 3360 5.4 x 10-11 Amp @ G = 106 
'---
FIGURE 9.4-25 MEASUREMENTS OF CURRENT VOLTAGE GAIN AND DARK CURRENT 
-- - -------------------
~. 
I 
L_ 
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to 
00 
----
ORBIT 1051. 5 
11644 11762 , 
I 
Gain V A (volt) IA (amps) 113 (amps) 114 (amps) V A (volt) IA (amps) 113 (amps 114(~mpB) 
104 1540 2 x 10- 8 4 x 10- 9 .lxlO-8 1450 2 x 10- 8 4.6x1O- Q 1.1 x 10- 8 
105 2200 2 x 10- 7 3.9 x 10-8 1. 25 x 10 -7 1990 2 x 10- 7 4.2 x 10 -8 1. 2 x 10 -7 
106 3210 2 x 10- 6 3.6 x 10 -7 1. 4 x 10 -6 2820 2 x 10- 6 4.0 x 10-7 1. 3 x 10- 6 
ID 3210 4.1 x 10-11 Amp @ G = 106 2820 7.0 x 10-11 Amp @ G = 106 
-
--- .-
11647 11664 
Gain V A (volt) IA (amps) 113 (amps) 114 (amps) V A (volt) lA (amps) 113 (amps) 114 (amps) 
2 x 10- 8 4.3 x 10- 9 1. 02 x 10- 8 2 x 10- 8 3.7 x 10- 9 
I 
104 1610 1630 1. 0 x 10- 8 
105 2370 2 x 10-7 4.1 x 10- 8 1.2 x 10- 7 2300 2 x 10-7 3.8xlO- 8 1.2xl0-7 
106 3580 2 x 10- 6 3.9 x 10-7 1. 4 x 10 -6 3340 2 x 10- 6 3.6 x 10-7 1. 3 x 10- 6 
ID 3580 6.2 x 1O-11Amp @ G = 106 3340 6.1 x 10-11 Amp @ G = 106 
----- ------.. --~.--
FIGURE 9.4-26 MEASUREMENTS OF CURRENT VOLTAGE GAIN AND DARK CURRENT 
-- ----- - --- -- --- --~ --~ --~ --~ --~ -- ---~ ----
ORBIT 1064 
11647 11664 
Gain 114 (amps 113 (amps) IA (amps) VA (volt) 114 (amps) 113 (amps) IA (amps) VA (volt) 
lo4 1. o x 4.1 x 10-9 2 x 1620 1.1 x 4.3 x 2 x 1670 
lo5 1.15 x 10-7 3.9 x 2 x 2270 1.3 x 4.0 x 2 x 10-7 2360 
lo6 1 . 3 5 ~  3.7 x 2 x 3340 1.4 x 3.9  x 2 x  3640 
ID 5.8 x Amp @ G = lo6 3340 2.7  x 10'llAmp @ G = lo6 3640 
FIGURE 9.4-27 MEASUREMENTS O F  CURRENT VOLTAGE GAIN AND DARK CURRENT 
ORBIT 1089 
L\3 
0 
0 
11647 11664 
Gain 114 (amps) 113 (amps) IA (amps) VA (volt)  114(amps)  I13 (amps) IA (amps)  VA (volt) 
lo4 
1.4 x 3 .7  x 2 x 10- 3345 1.4 x 10-6 3 . 9  x 10-7 2 x 365 0 106 
1.2 x 10-7 3 . 9  x 10-8 2 x 2270 1.3 x 4 . 0  x 2 x 2370 lo5 
1 x 4 . 1  x 10-9 2 x 10-8 1620 1.1 x 4 . 3  x 2 x 1680 
365 0 3 345 2.1 x 10-l0Amp @ G = 10 6 - 11 ID 6 . 2  X 10 Amp @ G = 106 
FIGURE 9.4-28  MEASUREMENTS O F  CURRENT VOLTAGE GAIN AND DARK CURRENT 
ORBIT 1114 
11644 11762 
Gain 
1.1 x 4.8 x lo-' 2 x 15 00 1.1 x 4.1 x 2 x 1540 lo4 
114(6mps)1 I13 (amps: IA (amps) VA (volt) 114 (amps) 113 (amps) IA (amps) VA (volt) 
lo5 
1.4 x 10 . 4 . 2  x 2 x 2880 1.4 x 10 3.7 x 2 x 3240 lo6 
1.3 x 4.4 x 2 x 2000 1.3 x 3.8 x lo-' 2 x 2190 
- 6  -6 
ID 7,. 8 x Amp @ G = 10 2880 4.9 x 10-llAmp @ G = 10 3240 
6 6 
ID 3640 1.9 X 10 Amp @ G = 10 
-10 6 
3340 5.9 x Amp @ G = lo6 
FIGURE 9-4-29 MEASUREMENTS OF CURRENT VOLTAGE GAIN AND DARK CURRENT 
ORBIT 1145 
11647 11664 
Gain 
1.2 x 3 . 9  x 10 2 x 2280 1.3 x 4. o x 2 x 2370 lo5 
1 x , 4.1 x 10-9 2 x 1620 1.1 x 10 4 . 3  x 10 2 x 1680 lo4 
114 (amps! 113 (amps) IA (amps) VA (volt) 114 (amps) 113 (amps) IA (amps) VA (volt) 
-9 -8 
-8  
lo6 1.4 x 3.7  x 2 x 3350 1.4 x 3 . 9  x 2 x 10 3640 
-6 
3640 -10 ID 2 .0  X 10 Amp @ G = 10 6 5.7  X 10 -11 Amp @ G = lo6 335 0 
FIGURE 9.4-30 MEASUREMENTS O F  CURRENT VOLTAGE GAIN AND DARK CURRENT 
ORBIT 1188.5 
w 
0 
W 
FIGURE 9.4- 31 MEASUREMENTS O F  CURRENT VOLTAGE GAIN AND DARK CURRENT 
ORBIT  1300 
11647 11664 
Gain 114 (amps: 113 (amps) IA (amps) VA (volt) 114 (amps) I13 (amps) IA (amps) VA (volt) 
lo4 
1.2 x 10-7 4. o x 2 x 2330  1.2 x l o e 7  4 .3  x 2 x 2360 lo5 
1.05 x 104: 4 . 3  x 2 x 1660 1.05 x 4 . 7  x 2 x 10-8 165 0 
106 1.3 x 10-6 3.7 x 2 x 3380 1.35 x 10- 4.1 x l o m 7  2 x 3610 
ID 3610 5 .5  x Amp @ G = lo6 3380 9.1 X Amp @ G = 10 6 
FIGURE 9.4-  3 2  MEASUREMENTS O F  CURRENT VOLTAGE GAIN AND DARK CURRENT 
ORBIT  1400 
ID  3630 8.8 x 10-l1Arnp @ G = 10 3370 5 . 2  x Amp @ G = lo6 6 
FIGURE 9.4-33 MEASUREMENTS OF CURRENT VOLTAGE GAIN AND DARK CURRENT 
ORBIT 1499.5 
11647  11664 
Gain 114 (amps! 113 (amps) IA (amps) VA (volt) 114 (amps)  113 (amps) IA (amps)  VA (volt) 
lo4 
1.1 x 3.8 x 2 x 2310 1.3 x 4.3  x 2 x 2400 lo5 
1 x 10-8 4 x 2 x 10-8 165 0 1 . 1 ~  4.4 x 2 x 1680 
106 
5.0 x Amp @ G = lo6 3360 8.9 x 10-llAmp @ G = 10 3630 ID 
1.2 x 3.7 x 2 x 10-6 3360 1.4 x 4.1 x 2 x 10-6  3630 
6 
FIGURE 9.4-34 MEASUREMENTS OF CURRENT VOLTAGE GAIN AND DARK CURRENT 
ORBIT 1512 
ORBIT  1537 
11644 11762 
Gain  
lo6 3200 2 x 10-   4 .0  x 1.4 x low6  2890 2 x 4 . 2  x 1.4 x 105 
4.6 x 1.2 x 2 x 10-7 2030 4.1 x .I. 3 x 2 x 2160 lo5 
1.1 x 10-8- 4 . 8  x 10-9 2 x 1470  4.5x 1.2 x 2 x 1530 lo4 
I14(@mps) I13 ( a m p s )  IA (amps) VA (volt) 113 (amps) 114 ( a m p s )  IA (amps) VA (Volt) 
3200 4.8 x 10-llAmp @ G = 10 I 
6 
I 2890 I 7 .5  X A m p  @ G = 10 
6 
I 
N 
0 
03 
11647 11664 
Gain  
-8 
114 (amps! I13 ( a m p s )  IA ( a m p s )  VA (volt) $4 ( a m p s )  113 ( a m p s )  IA ( a m p s )  VA (volt) 
lo4 
2.4 x 10-loAmp @ G = 10 3700 ID 
1.2 x 104 3.5 x 10-7 2 x 10-6 3340 1.4 x 4.1 x l o w 7  2 x 3700 106 
1.1 x 3 . 8  x 10-8 2 x 2300 1.3 x 4 . 3  x l o 4  2 x 2400 lo5 
1.05 x 10 4.1 x l o m 9  2 x 1640 1.1 x 4 .4  x 2 x 1680 
6 5 .4  x Amp @ G = IO6 3340 
FIGURE 9.4-36 MEASUREMENTS O F  CURRENT VOLTAGE GAIN AND DARK CURRENT 
ORBIT  1562 
I ID I 3700 1 2.1 x 10-loAxnp @ G = 10 6 
~~ ~~~~~ -~ ~~~ ~ ~~ ~~ 
FIGURE 9.4- 37 MEASUREMENTS O F  CURRENT VOLTAGE GAIN AND DARK CURRENT 
ORBIT 1593 
11762 
VA (volt) 114(wnps) 113 (amps: IA (amps) 
148 0 
7.4 X Amp (3 G = 10 2880 
1.4 x 10-6, 4.2 x 2 x 2880 
1.2 x 4.6 x 2 x lo’? 2030 
1.1 x 4.8 x 2 x 
6 
11647 
Gain 114 (amps] 113 (amps) IA (amps) VA (volt) 
104 
1 , 3  x 10 4.3 x 10-8 2 x 2410 lo5 
1.1 x 4.4 x 10-9 2 x 1680 
-7 
11664 
VA (volt) 
5.7 x Amp @ G = lo6 3330 
1.2 x 10-6 3 x 2 x 3330 
1.08 x 3.7 x 2 x 2300 
1.05 x 1 0 ~  4 x 10-9 2 x 1640 
I14 (amps! I13 (amps) IA (amps) 
FIGURE 9.4- 38 MEASUREMENTS OF CURRENT VOLTAGE GAIN AND DARK CURRENT 
I 
I 
~ 
...... 
...... 
L __ _ 
Gain V A (volt) 
104 1540 
105 2170 
106 3200 
ID 3200 
- - ---- ---
Gain V A (volt) 
104 1670 
105 2400 
106 3700 
ID 3700 
FIGURE 9.4-39 
ORBIT 1636.5 
11644 11762 I 
IA (amps) 113 (amps) 114 (amps) V A (volt) IA (amps) 113 (amps) 114hunps}! 
I 
2 x 10- 8 4.5 x 10 -9 1. 2 x 10 -8 1480 2 x 10- 8 4.8 x 10- 9 1 1 x 10- 8 : 
2 x 10-7 4.1 x 10- 8 1.3 x 10-7 2040 2 x 10- 7 4.6 x 10- 8 1. 2 x 10-7 
2 x 10- 6 4.0 xl0 -7 1.4 x 10- 6 287 0 2 x 10- 6 4.2 x 10 -7 1.4 x 10- 6 , 
5.4 x 1O-11Amp @ G = 106 7.6 x 10-11 Amp @ G = 106 i 2870 I I 
-- -- -- - -- ------ -- - ---- - - - --
11647 11664 
1A (amps) 113 (amps) 114 (amps) V A (volt) IA (amps) 113 (amps) 114 (amps] 
2 x 10- 8 4.4 x 10 -9 1.1 x 10- 8 1650 2 x 10- 8 4 x 10- 9 -8 1. 05 x 10 
2 x 10- 7 -8 1. 3 x 10- 7 2 x 10-7 3.8 x 10- 8 1.1 x 10- 7 4.3 x 10 2300 
2 x 10- 6 4.1 x 10- 7 1.4 x 10- 6 3340 2 x 10- 6 3.6x1O- 7 1. 2 x 10- 6 
2.4 x 1O-10Amp @ G = 106- 3340 5.9 x 10-11 Amp @ G = 106 
-- - - --
-- -- ---- '-- -- - --- -- ----
MEASUREMENTS OF CURRENT VOLTAGE GAIN AND DARK CURRENT 
N 
..... 
N 
" 
ORBIT 1750 
11644 11762 
Gain V A (volt) IA (amps) 113 (amps) 114 (amps) V A (volt) IA (amps) 113 (amps' I14(~mps) 
104 1560 2 x 10-8 4.1 x 10- 9 1.1 x 10-
8 1490 2 x 10- 8 4.75 xl0-9 1. 05 x 10-8 
105 2200 2 x 10-7 3.8 x 10- 8 1. 3 x 10- 7 2050 2 x 10-7 4.4 x 10- 8 7 1. 3 x 10- I 
106 3200 2 x 10- 6 3.7x1O-7 1. 4 x 10- 6 2880 2 x 10- 6 4.2 x 10-7 1. 4 x 1O- 6J 
ID 3200 
-11 6 2880 1 -11 6 ! 5. 0 x 10 Amp @ G = 10 ? . 2 x 0 Amp @ G = 10 
I 
---~ 
11647 11664 
Gain V A (volt) IA (amps) 113 (amps) 114 (amps) V A (volt) IA (amps) 113 (amps) 114 (amps] 
104 1680 2 x 10- 8 4.3 x 10- 9 
-~ 
1650 2 x 10- 8 4.1 x 10- 9 1. 05 x Hr 8 1.1 x 10 
105 2400 2 x 10-7 4.1 x 10-8 1. 3 x 10-7 2300 2 x 10- 7 3.9xlO- 8 1.15 x 10-7 
106 3660 2 x 10- 6 3.9 x 10 -7 1. 4 x 10- 6 3330 2 x 10- 6 3.7x1O-7 1. 4 x 10- 6 
ID 3660 1. 1 x 10-11 Amp @ G = 106 3330 5.4 x 1O-11 Amp @ G = 106 
- -
L _________ ___ 
- -- - - - - ----- ------ - ------ - - -- -- ----- ---
FIGURE 9.4-40 MEASUREMENTS OF CURRENT VOLTAGE GAIN AND DARK CURRENT 
~ 
.... 
c.:l 
Gain V A (volt) 
104 1560 
105 2200 
106 3200 
In 3200 
--
Gain V A (volt) 
104 1670 
105 2400 
106 3640 
In 3600 
- -_ . _-
FIGURE 9.4-41 
ORBIT 1850 
11644 11762 j 
! 
IA (amps) 113 (amps) 114 (amps) V A (volt) IA (amps) 113 (amps I14(J.mps)1 
2 x 10- 8 4.1 x 10- 9 1.1 x 10 -8 1460 2 x 10- 8 4.8 x 10 -~ 1.1 x 10- 8 
2 x 10-7 3.8 x 10 -8 1. 3 x 10 -7 2030 2 x 10- 7 4.4 x 10-8 1. 3 x 10- 7 
2 x 10- 6 3.7 x 10 -7 1. 4 x 10- 6 2840 2 x 10- 6 4.2xlO- 7 1.4 x 10- 6 
4.6 x lO-11Amp @ G :; 106 2840 -11 @ 6 9 x 10 Amp G:; 10 
-_ .. ._-
11647 11664 
IA (amps) In (amps) 114 (amps) V A (volt) IA (amps) 113 (amps) 114 (amps 
2 x 10-8 4.3xlO- g 1.1 x 10- 8 1640 2 x 10- 8 4.1 x 10- 9 1.5 x 10-8 
2x10- 7 4.1 x 10- 8 1.3 x 10- 7 2300 2 x 10-7 3.9 x 10- 8 1.5 x 10- 7 
2 x 10- 6 3.9 x 10- 7 1.4 x 10- 6 3300 2 x 10- 6 3.7 x 10 -7 1.4 x 10- 6 
-11 6 7.7 x 10 Amp @ G :; 10 3300 -11 @ 6 9.4 x 10 Amp G::: 10 
MEASUREMENTS OF CURRENT VOLTAGE GAIN ANn nARK CURRENT 
ORBIT  1947.5 
1640 
ORBIT 1960 
, lo5 1.2 x 4.6 x 2 x 2000 1.3 x 10-7 4.1 x 10-8 2 x 10-7 2160 
lo6 1.4 x l o m 6  4.2 x 2 x 2850 1.4 x 3.9 x lom7 2 x 3200 
ID 4.4 x lo-llAmp @ G = lo6  3200 285 0 8.6 X Amp @ G = 10 6 
FIGURE 9.4-43 MEASUREMENTS OF CURRENT VOLTAGE GAIN AND DARK CURRENT 
ORBIT 1985 
11647 11664 
Gain I14 (amps: I13 (amps) IA (amps) VA (volt) 114 (amps) 11-j (amps) IA (amps) VA (volt) 
- lo4 1.1 x 4 x 10-9 2 x 1630 1.1 x 4.4 x 2 x 1620 
lo5 1.9 x 10-7 3.7 x 10-8 2 x 2300 1.3 x 4 .3  x 2 x 2400 
lo6 1.2 x 10- 6 3.1 x 2 x 3350  1.4 x l ow6  4.1 x l o m 7  2 x 3500 
ID 9.5 x 10 -11 Amp @ G = lo6 3350 7.0 x 10' l lAmp @ G = lo6 35 00 
FIGURE 9.4- 44 MEASUREMENTS OF CURRENT VOLTAGE GAIN AND DARK CURRENT 
r 
ORBIT 2010 
ID 3220  4.6 x 10-llAmp @ G = 10 2870 9 . 2  x Amp @ G = 10 
6 6 
11647 
Gain 114 ( a m p s )  113 (amps)  IA ( a m p s )  VA (Volt) 
lo4 1.1 x 4 . 3  x 10-9 2 x 1680 
lo5 1.3 x 10-7 4.1 x 2 x 2400 
lo6 1.4 x 10-6 3 . 9  x 2 x10 -6 3630 
ID 8.0 x 10-llAmp @ G = 10 3700 
6 
~~~~~~~ ~ ~ ~~ ~~ 
FIGURE 9.4-45 MEASUREMENTS O F  CURRENT VOLTAGE GAIN AND DARK CURRENT 
ORBIT  2041 
Gain VA (volt) 
. lo4 
3200 lo6 
2170 lo5 
1540 
ID 3200 
k Gain V (volt) 
I ID I 3700 
FIGURE 9.4-46 MEASUREMENTS O F  CURRENT VOLTAGE GAIN AND DARK CURRENT 
ORBIT 2084.5 
N 
W 
CI 
FIGURE 9.4-.47 MEASUREMENTS O F  CURRENT VOLTAGE GAIN AND DARK CURRENT 
ORBIT 2200 
11762 
I i 
2030 
1.4 x 4.2 x 10-7 2 x 10-6 2880 
1.3 x 10-7 4.4 x 10-8 2 x 
2880 I 8 . 6  x Amp @ G = 10 6 1  
11647 
VA (volt) IA (amps) 113 (amps) I14 (amps) 1 :li 1 ',Ip,", 1 1 1 4.1 x lO--ii 1.1 x 
3.8 x 10 1.3 x 10- 
10 37 20 2 x 10- 3.7 x 1.4 x 10- 
2440 I 2 x I m81 
11664 
1630 2 x 10 
FIGURE 9.4- 48 MEASUREMENTS OF CURRENT VOLTAGE GAIN AND DARK CURRENT 
ORBIT 2300 
N 
N 
w 
FIGURE 9.4- 49 MEASUREMENTS O F  CURRENT VOLTAGE GAIN AND DARK CURRENT 
ORBIT 2400 
ID 3100 4 . 4  x 10-llAmp @ G = 10 2860 8 . 6  X Amp @ G = 10 
6 6 
FIGURE 9.4- 50 MEASUREMENTS O F  CURRENT VOLTAGE GAIN AND DARK CURRENT 
ORBIT 2451.5 
ID 3200 4 . 6  x 10'llAmp @ C = lo6 2800 9 . 0  x Amp @ G = 10 
6 
FIGURE 9-4-51 MEASUREMENTS O F  CURRENT VOLTAGE GAIN AND DARK CURRENT 
ORBIT  2464.5 
FIGURE 9.4-52 MEASUREMENTS OF CURRENT VOLTAGE GAIN AND DARK CURRENT 
V 
ORBIT  2489.5 
- lo4 1.1 x lo'* 4 .8  x 10" 2 x 1430 1.2 x 4.5 x 2 x 1490 
lo5 1.2 x 10-7 4.6 x 10-E 2 x 10-7 1970 1.25 x 4.1 x 2 x 2100 
, lo6 1.4 x 4.2 x 2 x lom6 2770 1.4 x 3.9 x loe7  2 x l o m 6  3030 
11647 
Gain 
1.1 x 10-8  4.4 x 10-9 2 x 1640 lo4 
114 ( a m p s )  113 ( amps )  IA (amps)  VA (volt) 
lo5 1.2 x 10-7  4.3 x 10-8 2 x 2360 
lo6 1.4 x 4.1 x 2 x 3600 
ID 9.1 x Amp @ G = 10 3600 
6 
11664 
VA (volt) 
1 .3  x 10- 3.7 x 10-7 2 x 3240 
1.2 x 10-7 4 x 10-8 2 x 225 0 
1.1 x 10-8 4 .3  x 10-9 2 x 1610 
114 (amps:  113 ( amps )  IA (amps)  
6 
3300 5 . 5  x 10 Amp @ G = lo6 
-11 
FIGURE 9.4-53 MEASUREMENTS O F  CURRENT VOLTAGE GAIN AND DARK CURRENT 
ORBIT 2514.5 
- 11647 
114 (amps: 113 (amps) IA (amps) VA (volt) 114 (amps) Ilq (amps) IA (amps) VA (volt) - Gain 
11664 
lo4 
5.5 x Amp @ G = lo6 3300 7 x Amp @ G = 10 3600 ID 
1.2 x 10-6, 3.5 x 10-7 2 x 315 0 1.4 x 4.1 x l o w 7  2 x 35 00 106 
1.9 x 10-7 3.7 x 10-8 2 x 2210 1.3 x 10-7 4.3 x 10-8 2 x 2300 lo5 
1.1 x 4 x 2 x 10-8 1600 1.1 x 10-8 4.4 x 10-9 2 x 1610 
6 
FIGURE 9.4- 54 MEASUREMENTS OF CURRENT VOLTAGE GAIN AND DARK CURRENT 
t.:I 
t.:I 
-.::J 
ORBIT 2545.5 
11644 11762 
Gain V A (volt) IA (amps) 113 (amps) 114 (amps) V A (volt) IA (amps) 113 (amps) 114(jlmps) 
--
104 1480 2 x 10-8 4.1 x 10- 9 1.1 x 10-8 1420 2 x 10-8 4.8 x 10-9 1. 1 x 10-8 
105 2080 2xl0-7 3.8 x 10-8 1. 3 x 10- 7 1950 2 x 10- 7 4.4 x 10-8 1.3 x 10- 7 
106 3020 2 x 10- 6 3.7xlO-7 1.4 x 10- 6 2730 2 x 10- 6 4.2xlO-7 1. 4 x lO- E 
In 3000 4.6 x 10-11 Amp @ G = 106 2700 
-11 6 9,.0 x 10 Amp @ G = 10 
- --
11647 11664 
Gain V A {volt} IA (amps) 113 (amps) 114 (amps) V A (volt) IA (amps) 113 (amps) 114 (amps] 
104 1610 2 x 10-8 4.3 x 10 -9 1.1 x 10 -8 1600 2 x 10- 8 4.1 x 10- 9 1.1 x 10- 8 
105 2290 2 x 10- 7 4.1 x 10- 8 1. 3 x 10- 7 2210 2 x 10- 7 3.9xlO-i: 1.2 x 10- 7 
106 3470 2 x 10- 6 3.9 x 10- 7 1.4 x 10- 6 3150 2 x 10- 6 3.7xlO-7 1.4xl0 -6 
In 3500 7.1 x 10-11 Amp @ G = 106 3300 -11 @ 6 5.5 x 10 Amp G = 10 
'----- - -
FIGURE 9.4-55 MEASUREMENTS OF CURRENT VOLTAGE GAIN AND nARK CURRENT 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
L-_ 
t-.:) 
t-.:) 
(Xl 
-- --~--------
----- ---~- ----"._-
ORBIT 2589.0 
11644 11762 
Gain V A (volt) IA (amps) 113 (amps) 114 (amps) V A (volt) IA (amps) 113 (amps) 114(,.mps) 
104 1550 2 x 10- 8 4.1 x 10 -9 1.1 x 10- 8 1470 2 x 10- 8 4.8 x 10-( 1.1 x 10- 8 
105 2180 2 x 10- 7 3.8 x 10- 8 1.3 x 10- 7 2050 2 x 10- 7 4.4 x 10- t 1.3 x 10- 7 
106 3230 2 x 10- 6 3.7xl0- 7 1.4 x 10- 6 2920 2 x 10- 6 4.2 x 10-
"'; 1. 4 x 10- 6 
ID 3200 4.6 x 10-11 Amp @ G = 106 2900 ~. 2 x 10-11 Amp @ G = 106 
--- - ---
11647 11664 
Gain V A (volt) IA (amps) 113 (amps) 114 (amps) V A (volt) IA (amps) 113 (amps) 114 (amps~ 
104 1680 2 x 10- 8 4.3 x 10- 9 1.1 x 10- 8 1650 2 x 10- 8 4.1xlO- 9 1.1 x 10- 8 
105 2410 2 x 10- 7 4.1 x 10- 8 1.3 x 10- 7 2330 2 x 10- 7 3.9 x lO- f 1.2 x 10 -7 
106 3680 2 x 10- 6 3.9xlO-7 1. 4 x 10- 6 3360 2 x 10- 6 3.7 x lO- j 1.4 x 10- 6 
ID 3700 9.8 x 10-11 Amp @ G = 106 3300 9.6 x 10-11 Amp @ G = 106 
FIGURE 9.4-56 MEASUREMENTS OF CURRENT VOLTAGE GAIN AND DARK CURRENT 
---- --- ----
~ 
~ 
<0 
ORBIT 2700 
11644 11762 
Gain V A (volt) IA (amps) In (amps) 114 (amps) V A {volt} IA (amps) In (amps I14{,.mps) 
104 1540 2 x 10- 8 4.4 x 10 -9 1. 2 x 10 -8 1450 2 x 10-
8 
4.8 x 10 -9 1. 1 x 10 -8 
105 2180 2 x 10- 7 4.1 x 10 -8 1. 3 x 10 -7 2030 2xlO-
7 4.5 x 10 -8 1. 2 x 10 -7 
106 2 x 10- 6 -7 -6 2 x 10- 6 -7 -6 3200 3.7 x 10 1. 4 x 10 2840 4.1 x 10 1. 3 x 10 
In 3200 -11 @ 6 6.1 x 10 Amp G = 10 2840 
-10 6 
,1. 7 x 10 Amp @ G = 10 
11647 11664 
Gain V A (volt) IA (amps) In (amps) 114 (amps) V A (volt) IA (amps) In (amps) 114 (amps] 
104 1670 2 x 10 - 8 4.3 x 10 
-9 1.1xlO -8 1640 2 x 10- 8 4.1 x 10 -9 1.1 x 10-~: 
105 2380 2 x 10-
7 4.0 x 10 -8 1. 3 x 10 -7 2310 2xlO- 7 3.9 x 10 -8 1. 2 x 10-
7 
106 3660 2 x 10 - 6 3.9 x 10 -7 1. 4 x 10 -6 3350 2 x 10-
6 ~ hvlO- 7 1. 4 x 10 -6 
In 3660 8.6 x 10-11 Amp @ G = 106 3300 -11 @ 6 9. 0 x 10 Amp G = 10 
- - --- --- - ---- - - -- -- -
FIGURE 9.4-57 MEASUREMENTS OF CURRENT VOLTAGE GAIN AND DARK CURRENT 
--.--. ---- -------- - ---
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ORBIT 2800 
11644 11162- I 
Gain V A (volt) IA (amps) 113 (amps) 114 (amps) V A (volt) IA (amps) 113 (amps1 I14(~rnps) 
104 1590 2 x 10- 8 9 . \-t 4. 3 x 10- 1. 25 x 10 1500 2 x 10- 8 9 -9 4. x 10 1. 2 x 10 -8 
105 2260 2 x 10 -7 4.1 x 10 -8 1. 2!i x 10- 1 2070 2 x 10- 7 4.6 x 10 -8 1. 25 x 10 -7 
106 3360 2 x 10- 6 -7 -6 2840 2 x 10- 6 -7 -6 3.7 x 10 1. 4 x 10 4.1 x 10 1. 35 x 10 
In 3360 -11 @ 6 7.5 x 10 Amp G = 10 2840 8.7 x 10-11Amp @ G = 106 
--- --- ---- -- ~------ ---- - - - ---
11647 11664 
Gain V A (volt) IA (amps) 113 (amps) 114 (amps) V A (volt) IA (amps) 113 (amps) 114 {amps] 
104 1720 2 x 10-
8 5.1xlO -9 1.1 x 10 -8 1640 2 x 10- 8 5.3 x 10 -9 l.1 x 10 -8 
105 2470 2 x 10-
7 -8 -7 2350 2 x 10- 7 -8 -7 4.5 x 10 1. 2 x 10 4.2 x 10 l. 2 x 10 
106 3700 2 x 10-
6 -7 1.3x10-6 3380 2 x 10 - 6 -7 -6 3.5 x 10 3.8 x 10 l. 3 x 10 
In 3700 8. 6 x 10 -11 Amp @ G = 106 3380 8.9 x lO-11Amp @ G = 106 
- ----- - --- - - - - --------- ------------
FIGURE 9.4-58 MEASUREMENTS OF CURRENT VOLTAGE GAIN ANn nARK CURRENT 
- - -- --- -- ---- --- - ----
____ --.-1 
ORBIT 2897.5 
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CI 
FIGURE 9.4-59 MEASUREMENTS O F  CURRENT VOLTAGE GAIN AND DARK CURRENT 
ORBIT 2910 
11647 
I14 (amps! 113 (amps) IA (amps) VA (volt) $4 (amps) 113 (amps) IA (amps) VA (volt) 
I Gain 
11664 
lo4 
1 .2  x 3.9 x IO-* 2 x 235 0 1 .2  x 4.0 x 2 x l om7  2470 lo5 
1.1 x 4.1 x 2 x lo -& 1680 1.1 x 4.3  x 2 x 1710 
, lo6 , , 1 . 4 x 1 0   , 3 . 6 x 1 0  , 2 x 1 0  . 3370 , 1 . 3 ~ 1 0  , 4 . 0 x 1 0  . 2  x 10 . 3690 -6 -7 -6 -7 -6 -6 
ID I 8.5 x 10-llAmp @ G = lo6 3690  19.5 x Amp @ G = 10 3370 1 6 
FIGURE 9.4- 60 MEASUREMENTS OF CURRENT VOLTAGE GAIN AND DARK CURRENT 
ORBIT 2935 
ID 3700 1 X 10’llAxnp @ G = 10 3320 7.4 x 10’llAmp @ G = lo6 6 
~~ ~ 
~- 
FIGURE 9.4- 61 MEASUREMENTS O F  CURRENT VOLTAGE GAIN AND DARK CURRENT 
ORBIT 2960 
ORBIT 2991 
t Gain 
FIGURE 9.4-63 MEASUREMENTS O F  CURRENT VOLTAGE GAIN AND DARK CURRENT 
ORBIT 3034.5 
FIGURE 9.4- 64 MEASUREMENTS O F  CURRENT VOLTAGE GAIN AND DARK CURRENT 
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